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PREFACE 

Widespread interest in the production, fabrication and use of 
aluniiniiin has been apparent for some time. This interest has 
been impressed upon the authors by the ^^reat variety of ques¬ 
tions which they arc continually beinf>; called upon to answer. 
The available books are either out of date or do not contain 
authentic information on many of the subjects in which the great¬ 
est interest is b(ung shown. It is to me(^t this need that the 
present volumes were prepared. In writing these two volumes, 
the authors have had the assistances of many of their associates 
in Aluminum Company of America and its subsidiaries. This 
Cbmpany has also generously contributed of the authors^ time 
and made available to them information from its own files and 
(‘xp('ri(mce. In addition to their own contributions, the authors 
have acted editorially in revising and unifying the contributions 
of th(‘ir collaborators. 

The first volume, whicli bears the sub-title, ‘‘Aluminum and 
It-s Production,’' covers th(^ history of the discovery of aluminum 
and the. (kwelopment of the industry, the ores of aluminum and 
tlu'ir mining and ndining for the production of pure alumina, and 
clos(\s with a discussion of the production of itu't.allic aluminum. 
Tii(‘ g(m(U*al tn'at.numt. Inis Ikhui along broa<l lira's, (‘xc.i'pl in 
ri'gai'd to tiu' production of alumina from the orin This subjc'ct 
has l)('(‘n ti'c'ated in gi*('ai.(‘r (h'tail Ixaniusc' of tin' wi(l(‘spi*(‘a,d 
int.(U‘('st in jrrodia'tion of aiumiini, as (‘vidc'iau'd by tla‘ hun- 
(hxals of pal.(‘nt-s whic^h hav(‘ aii*(‘a,(ly IxM'n gra,nt(‘d on this sub- 
j(‘ct., aaal tia^ ra^w oia'S which arx' continually Ix'ing ofh'iH'd (,o tia' 
Pat.(‘nt Ofrnu's in all count.ri('s. dda' large' numlx'r of pr‘oc(‘ss(‘.s 
for tia' [)i*o(lu(‘.tion of alumina whie^h have' ali*e'aely Ix'e'ii ele'senilxxl 
ma,ke' it ehflieailt. fen* narst. inve'iit.e)i*s te) knerw wind has alreaiely 
he'e'ii ae'.complishe'el in this fie'lel; fe)r this r’e'asern (la' available' 
lit.e‘r*allire' has Ire'e'ii al)sti*ae^l.e‘el aial edassilie'd with l•e‘a,se)nal)le‘ 
exrmple't.e'ia'ss. In lia' ])i*e'pai‘atie)n e>f (he' e‘ini})(.e'i*s e)n the' pre)- 
eliictie)!! of alumina, tlu' e)i*igiinil irate'nts anel j)ublie‘,atieins have^ 
bexm consulte'el with veuy tew e'xce'pt ierns, anel it. is herpe'el that 
in this way many of the e'rrors in dates, numbers, etc., which 
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have crept into other publications have been avoided. In 
general, the dates given for the patents are the publication dates, 
that is, the date on which the patent became known to the publici. 
It is realized that many of the patents on the production of 
alumina are impractical and will only be of interest to work(n*s 
specializing in this field; for this reason most of the parts of minor 
importance or interest have been set in somewhat smalh'r ty|)(\ 
The second volume of this work bears the sub-title, ‘‘Aluminum 
Products and Their Fabrication.^^ It deals with the properties of 
aluminum and its alloys, the fabrication of aluminum products 
and their uses in the industries. 

The task of writing this book was undertaken at the suggestion 
of Mr. Edwin S. Fickes, vrce-president of Aluminum Ck)m])any 
of America, and his advice and assistance have been an important/ 
contribution to the work. Dr. Earl Plough assisted in tlu^ pr(‘- 
liminary planning of the book, but other duties prov(mt/(Hl his 
continuing the work. Acknowledgment is also made to Mr S. 
K. Colby and the many associates who have contributed tlufir 
critical judgment and help. 

Junius D. Edwahds. 

Francis C. Fharv. 

Zav Jrkfiuus. 

New Kensington, Pa. 

December, 1929. 
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rilE ALUMINUM INDUSTRY 

ALUMINUM AND ITS PRODUCTION 


CHAPTER I 

THE STORY OF ALUMINUM 

By 

Junius D. Edwauds 

Tho. lnst,oriaii who would trace the st.ory of aluininiim has a 
comparatively easy task. It; is not referred to in the writings of 
the ‘^ancients/’ nor in classical records; aluminum is a pro¬ 
duct of the present age. Just about a hundred years ago, 
the first metallic aluminum that we know of was produced by 
an ingenious application of chemistry. Fifty years passed, 
however, b(Jor(^ a (^lu'ap and (H)nv('nic‘nt method of producing 
it was discov(‘r(Ml. Many now living have (piite literally grown 
up with tlu^ m(d;al. 

If iii(‘ carcH'r of the nud-al has IxHui short, its nanu' has had 
(|uit(^ a history. Jdin^^ ndc'rs to ^‘aluiiK'n,” which w(^ know 
a,s ahum a doubles sul})hat(^ of aluminum. .Ih'forc^ nu'tallic 
aluminum was ('V('r pr<‘par(‘d, ifs bas(' canu^ l-o be known as 
‘bihimiini.’’ Sir IIumphr(\y Diivy, in bSO?, in London, aitemp- 
t(‘d to i*('<lu(M‘ iduinina by h(‘.‘iling il wit h potash and <d(‘(‘t rolyxing 
llu' mlxtunu Although h(‘ did not sikthhmI in pn'paring tln^ 
m(d.;d, Ih‘ Ix'c-iuih' c-onvimx'd that nJumin.a lia,d a nudallic bas(^ 
and ga,v<' it tin* inuin^ ‘bdumium.” La,t(‘r lu^ (La,ng(‘d il. to 
“aiuminum” t-o (xinv'spond with th(‘ na,m<' of tin' oxi(h' alumina.. 
St ill lal.(‘r, tb(' sp(‘lling ‘baluminiuin ” (^am(^ int.o mon' or h'ss 
g(ui('ral us<L (^luanic^al nanu'S of many of th(‘ (‘huiumts (‘iid 

in “iiim’^ a.nd, for lli(‘ sa.k(^ of analogy, th<^ spcdling was g(m- 
(‘raJly a(a*.(‘|)t<'d. It. lia,s b('(m continiK'd abroa.d t-o this day. 

\Vh(m t.h(‘ m(‘ta,l b('(^a.m(‘ (u)inm('r(!ially awailabh^ in Airnn-ica, 
})opular usages V(‘ry (juic.kly omitttMl on(‘ syllaJ)l(' from its nann', 
a,!id il- b(‘ca,m{‘ ‘bduminum ” a,gain. d\‘chni(^al usages followcal, and 
th(' simi)l(u* s|)(dling was adoj)t(‘d. informally or formally, by 
oiu^ t.('clmical soci(dy aJJer anotJun*. In 1925, the American 
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C'hemical Society recognized this state of affairs and changx'd 
spelling of the element from “aluminium’’ to “aluminum.” 


Oersted. 

Alumina did not readily yield its metal, and ev(ui Sir irum- 
phrey Davy, who had suceeded in preparing metallic sodium and 
potassium by electrolysis, was baffled by the problem. II(‘ 
contributed to its solution, however, for the alkali metals proven! 
to be the necessary reducing agents. The Danish physi(‘-ist and 
chemist, H. C. Oersted, announced to the Royal Danish Academy 
of Sciences at Copenhagen, in 1825, that he had obtaiiu'd i/lu* 
“metal of clay.” By gently heating potassium amalgam with 
aluminum chloride and distilling the mercury from the r(^siilta,nt 
aluminum amalgam, he obtained a small lump of metal having 
the color and luster of tin. Apparently space in th(^ t('(ihni(;al 
journals of that period was at a premium, for lu' contented him¬ 
self with the following description of his experimentsd 


As is well known, chemistry has succeeded, particularly in re(*eid. 
times, in producing compounds of chlorine and most of the combustihle 
elements. 


The compound of chlorine and aluminum (the metal of chiy) was oik! 
of the few of these compounds which were left. In this cas(; nothing 
could be expected from the ordinary methods of ])r()du(nng (chlorine 
compounds; a new method had to he devised. Dry (dil()rin(‘ was UH 
over a mixture containing pure alumina which was lo^pt at hmI lu'nt in 
a porcelain tube. Hince the ahnnina thus had an oi)portnnity |,n docoin- 
pose on account of the heat, its combustible constitiunt eombiiuMl with 
the chlorine and formed with it a volatile compound which wa,s (‘asily 
collected in a condenser, which naturally had to 1)(‘ pr()^'id(sl wilJi a’n 
exit tube lor the unused chlorim' and tin* (airbon nionoxith* fornKsl. 

dhe compound of chlorine with th(^ (^omhustibh' (‘lenumt of the elav 
(aluminum chloride) is volatile at a t(nip(‘uitur(‘ which is not iniieh 
above that of boiling water; it is soimwvhat y(‘ll()wish, perhaps lH)W(‘V(‘r 
from admixed carbon; it is soft, but still has crystallim* lorin; it absorbs 
water with avidity and dissolve's tlu'n'in with gn'at ease' and wit h evolu¬ 
tion of heat. Rapidly heated with iiotassiuin anialgain, it is dccom^ 
posed, potassium chlorides and aluminum amalgam b('ing fornu'd. This 
amalpm is very (luiekly decoinjiosed in enntaet with th(‘ atniospluTe 
By distillation without contact with tfu' a,tniosph('re, it forms a hinip 
of metal which m color and luster somewhat irse'inbh's tin. Moreover 
the author has found, both in the amalgam and tlu' aluminium n-mark- 

^ Oersted H C., Oversigt over det Koogdigv Dansk.' \'idcnskabrrm's 
bei.^kiibs rorhandlinger, pp. 1,5, lb (1S24 1X25). 
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able properties which do not poruiit liirn to regard tlic experiments as 
complete; but show promising prospects of important results 

Wohler. 

h>odorick Wohler, in Berlin, repeated Oersted’s experiment, 
in 1827, and failed to observe the production of any aluminum, 
although he remarked that it was not his intention to say that it 
could not be made that wayd Using metallic potassium instead 
of potassium amalgam, however, ho obtained aluminum in the 
form of a gray powder. Until recently, Wohler has been gener¬ 
ally credited with having been the first one to make aluminum. 

About, one hundred years later I. Fogh, another Danish 
sciemtist, IxHiaino convinc(Hl that Oersted’s observations had been 
r(diabl(', and he repeatcxl Oersted’s work,*-^ lie found it very 
(‘asy to prepare aliuniniim by allowing potassium amalgam to 
redact with, aluminum chlorides The conditions most favorable 
for th(^ production of a uminuin were the use of a dilute amalgam 
containing about 1.5 per cent potassium, and the use of an excess 
of alumiuum eliloride. The reduced aluminum was dissolved in 
liu^ nu'rcury and protc'cted in that way from oxidation; the 
meuxiury was tluui driven off by distillaiion. Aft-er Fogh’s (^xperi- 
m(ud,s w(‘re compk'te, Kirstiiu^ M(\y(M’'^ discovered certain unpub- 
lisli(‘d n()l.('s of Oersted which showed that he was aware of th(\se 
biet-s and worked with dilute amalgams and an excess of aluminum 
ehlorid(‘. 

Something of a controv(u*sy has arisen ov(‘r tlies(^ dev(‘loiv 
uumis. Tile d(‘f(md('rs of Wohk'r now admit that (k'rsbxl ma(l(^ 
aluminum, but. insist, that, it, was (|uit(^ impur(‘. ()(u*st-(‘(rs 
jiropommts e,jill attention t-o th(‘ fa,(‘J, that, Wrihku- desca’ilxal his 
a,luminum a,s a, gra,y powdi'r whi(T did not, fiis(‘ a,t, t lu' nn'll ing 
jx)int, of (^a.sl. iron! Still othei-.s bav(‘ (kmionstrat(Ml thn,t alumi¬ 
num eaji lx‘ ma,d(‘ by Ocm’sIixTs nu'thod.* Th(‘ honoi- of first, 
pr<‘|)a,ring m(‘ta,llie, aluminum ea,ii lx‘ allowixl to ri'st, with ()(‘rsted 
without, d(‘tra(^ting from Wfihh'r’s imixirtant eontributions to our 
knowl(‘dg(‘ of aluminum. 

' Ann., 11, 11() 1()1 (1S‘J17). 

1 ,, l)(‘t K(}l. Dnin^Ic \'idcn.^L-nlx'rncs Sclshuih M(l(h<’n^n(lskfl^^n'sk^■ 
lM rdilrlv.^rr, 3, No. l i (1U21). 

■‘MI'Omr, KiitsTiNS, “II. (t ()(‘rs(,(‘(l, Not iirvicl(Mjskn,b(‘lig(‘ Skrift,(M‘,“ 
K()b(‘tihM\oi, 2 , 'Hif) (P.)2()j. 

M'os'ri'atei), M. ninl .1. I). I'^DWMtus, Trnns. Am.. KlvHrochmn., Foe., 61, 
127) (1027). 
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In 1845, Wohler, at the University of Gottingen, succ(Hui(ul 
in making aluminum in slightly larger amounts; some of th(' 
metallic particles were as large as ^^big pinheads!’’^ Because^ ol 
the oxide film on the particles he could not make them coaleset' 
and had to work with these small particles. To W(>hl(U‘ ihv 
world is indebted for the first information as to the propcu’ih's ol 
this wonderful metal. Wohler hammered out two metallic glob¬ 
ules which together weighed 32 milligrams, and nu^asured l;h(4r 
specific gravity; it was 2.50. Three other globules, weighing 31 
milligrams, gave a second value of 2.()7 for tlie spc^cific gravity. 
These figures are very satisfactory, considering the small amount 
of material available for experimentation; they also eonHtitut.(^ 
the first recognition of the remarkable lightness ol this lU'W 
metal. Working with globules of this size, Wohler d(‘t(U’min(‘d 
that the metal was ductile, stable in air, and m(‘ll.(‘d Ixdon^ 
the blowpipe. He did not, however, succchhI in nu'ltbig his 
metallic powder particles together to a coherent iiud/allie. mass. 
A series of observations on the chemical relationship of alumi¬ 
num to other metals and compounds was recordcul by Wiihh'r. 

Sainte-Claire Deville. 

Nine years more passed before a third great scic'ntisi, H. 
Sainte-Claire Deville,’^ announced to th(^ French A(^ad(‘my of 
Sciences, in 1854, an improvement in Wolik^r’s nu'thod of produc¬ 
ing aluminum. This discovery inauguraid'd a })(‘ri()d of gr(‘at 
experimental activity and marked the beginning of t!u‘ (4i<‘mi(^aJ 
aluminum industry as contrasted with th(‘ pn^semt (4('(d roc^lunn- 
ical industry. As Wohler changed Oerstt'd’s nud-hod by heav¬ 
ing out the mercury, so Sainte-Claire Diwillc' ehang(‘d W()Iil(‘r’s 
method by substituting sodium for potassium, lb' idso found 
that the sodium chloride formed in (Ik‘ nxlmdion of th(‘ jduminum 
chloride made a readily fusible doubh^ salt (Na( d.AK wil h (Ji(‘ 
excess of aluminum chlorides; this salt acl.(‘d a,s a flux and a,llow<‘d 
the aluminum globuk's to coal(\sc(‘. Jh)th c^lang(^s ma,rk(‘d im|)()r- 
tant advances. The substitution of sodium for pota.ssium gav(' 
a process with comnu'rcial possil)iliti(\s. Th(‘ dis(X)V(‘ry of a, (lux 
meant that no longcn- was it- luxx'ssary (.o (‘xp(‘rim('n(, with par¬ 
ticles of aluminum the siz(‘ of pinlusads. Th(‘ melal was now 
made in lumps a thousand tim(‘s greater -say, the size of marbk's. 

1 Wohler, Liebig^ Ann., 63 , 422 ( 1845 ). 

2 Co7n/)N.'i refulus 38, 279 ( 1854 ); 39 , 321 ( 1851 ). 
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It was but a step farther to the production of aluminum in bar 
and ingot form, and Sainte-Clairo Deville's name is closely 
associated with this development, 

SainUvClairc Deville so aroused the interest and enthusiasm 
of the meml)(‘rs of tlu^ hVcmch Academy that they contributed 
IbOOO francs to facilitate n^search on the production of aluminium 



I' Hi. 1. IIriiri S;Linl(*-(Dt'viih'. 


hmperor Napoh'on III bi'canu' inl(‘n\s(,('(I in ih(3 possi¬ 
bility of using iilumimnn foi* Ih'Iuh'I-s and a-nnor, and (old 
Sa,in(.('-( 'la, ir(' l)(null(‘ (o continu(‘ l li(‘ (‘XjX'riimmts on a la,rg(^ 
s(^a,l(‘ n.nd a,(, his (‘xp<ms(x A numln'r of b'n'iieh schailisl-s and 
(.('(*,Imologisls also gav(‘ (JuMr p(‘i‘S()na,l a,ssislan(a‘. (‘xp('ri- 

m(m(,al work was c,arri(‘d on a(, l h(‘ ,biv<‘I ('luMuic^al Works to a 
poin(> wh(‘r(‘ (,h(‘ proc,(‘SS look(‘d pra,(h i(‘,a,l, (‘V(‘n if (‘xp(msivo. 
Ha.rs of aJumimnn ina,d(‘ at Ja,v(‘l W(‘r(‘ (‘xhibilial al. (.h(‘ Paris 
Exposit ion in bShh; (his was (h(‘ first, int roduction of aluminum to 
th(‘ publi{x 
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In company with Debray, Morin, and Rousseau Bros., Sainte- 
Claire Deville began the manufacture of aluminum at Glacitir(^ 
a suburb of Paris. The neighbors objected to the cliloriiu^ and 
salt fumes, and so the next year, 1857, saw a new plant being 
installed at Nantcrre. The work at Glacierc niark(Ml (ioin- 
mercial progress, for it enabled Saintc-Clairc Devil!('. (-o S('ll 
aluminum at 300 francs per kilo (|27 per pound) as coini)ai*(Ml 
with 1,000 francs per kilo the year before. At this stag(^, Saint,(v 
Claire Deville had .made about 60 pounds of aluminum all,og(dJier. 

In 1859, Sainte-Claire Deville published his classic book 
entitled ‘^De TAluminium, ses Proprictds, sa Fabricat/iou (^t s(\4 
Applications.” Its 176 pages covered the physical and cluuuical 
properties of aluminum, as well as a discussion of its manufan- 
ture. Woven through the book is the fascinating story of l<lu^ 
birth of the aluminum industry. Near the end of the book is a. 
chapter of 12 pages on the uses of aluminum, which is a bri<^r but- 
brave beginning. 

In 1858, the Tissier brothers, Charles and Alexander, publisIuMl 
a small book entitled ^^Recherches sur FAluminium,” which 
invited biting sarcasm from the pen of Samt(v(lain^ I)(‘vilh‘. 
He had befriended these young chemists, and it was in his lab¬ 
oratory they learned much of his experimental work and pnx^- 
esses; they made use of this information uinh'i' circumst,ane-(‘s 
which Sainte-Claire Deville considered (juil,(^ unfair. Saiu(,(‘- 
Claire Deville intimates that he was stimulated into writ ing his 
own book in order to prevent his work In'ing misr(‘f)r(‘s(‘nl(‘(l by 
the Tissiers. 

Sainte-Claire Deville has described the ()p(u*ations at, t-lu' 
aluminum works at Nantcrre. The double chlorick^ of aluminum 
and sodium was used in prefenmee to aluminum chlorick' b(‘(%‘iuse 
it was less deliquescent, less volatile, and (‘a,si{‘r to ha,mile. 
Although aluminum-sodium chloride has soiiu^ fluxing a,(^lh)n, 
Sainte-Claire Deville found that fluori(i(‘S, such as fhiorsi)a,r and 
cryolite, exerted a much greater iiuxing action a,ml w(‘r(‘ mor(‘ 
effective in uniting the globuk^s of n^liKunl aluminum. (’ryoIit(' 
was the better flu.x, but fluorspar was much ch(‘ap(‘r. Wlxm t hi* 
price of cryolite was lowennl to about $75 p(‘r low, it, was sub¬ 
stituted for the fluorspar. Tlu' following was a typical ehai'ge: 


Pjirls 

Alumimun-sodiiim chloride (crii.sh(^d). 10 

Fluorspar. 5 

tSodiiiin (in ingots). -j 
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This niixtun^ was charged onto the previously heated hearth of a 
reverberat<ory furnace. All openings to the furnace were closed 
1,0 pr(^v(uit access of air in so far as possible. The reaction, once 
iiiitiatcnl, proceeded energc^tically; the mixture was finally 
lu'ated t.o (uisurc^ comphdJon of th(‘. reaction and fusion of the slag. 
Tlu^ alunumiin was then tapped out of the furnace in a stream and 
it unit(Ml into a single body underneath the liquid slag which 
llowe<l out last. A small amount of fine aluminum shot usually 
rc'inaiiKHl in the slag and this also was recovered by crushing and 
washing. On a hearth about 1 meter square, 6 to 10 kilos of 
aluminum w('r(^ r(Hluc(Hl at a time. The price of aluminum had 
b(H‘n r(Hlu(i(ul to 200 francs per kilo (about $17 per pound) in 
1859. ''rh(^ averag(i purity of tlie metal made that year was about 

97 pc'r cent. 

Tlu^ principal problem facing the infant industry was the 
necc^ssity of reducing the cost of production. Enough was 
known of tlu^ properties of aluminum to permit some rosy dreams 
of its futur(‘, if it only could be sold at a reasonable price. The 
probl(‘m was v('ry tant-a.lizing~ -"alumina was one of tlu^ commonest 
(lungs on ('iirth. lOnough to make a pound of alumimiin was 
only worth a lew (U'nt-s, but th<‘ aluminum chloride and especially 
th(‘ scxlium max'ssary t-o r(uluc<^ it w(‘re big ihuns. About three 
pounds of sodiuiTi w('r(‘ nuiuired for each pound of aluminum. 
Saint.(‘-('ialr(‘ I)(‘vill(^ S('t to work on the probkun of producing 
sodium a,s (‘a,rly n,s 1854. d'he n^act ion empl()y(‘d was tlu' laaluc- 
tlon of sodium carbonat.(^ with carl)()n in (he form of chare,oal, 
oil, or (U)ah ('balk wa,s add(‘d to (h(‘ mixt.urc^ to pr<'V('nt- fusion 
of (,h(‘ nxiss and (o maintain a, porous r('action mixt uixa TIh' mix- 
lure wa,s pla,c(‘d in an iro!i (U)ntain('r, sm^h as a, iiHuaairy botth*, 
or an iron cyliinku*, and h(‘a,t(‘(l to i‘('du(a‘ and distill th(‘ sodium. 
Saint;(‘-( lain' I)('vill(' a,nd Tissi('r brotlu'rs improvu'd th(' (h't-ails 
of I Ids j)roc(‘ss until sodium could Ix' inad(^ for aJ)oul, a dollar 
a, j)ound. No imporl.ani iinj)rov<'m(‘nl.s (o tlu^ pnxx'ss W(‘r(^ 
mad(', howi'ver, during iJu' rx'xt 25 y('ars. 

Castner. 

Ila.millon ('a,s(n('r, of N('w York, wa,s n'sponsibk' for the 
iH'xl, d('V('lopm(‘nl in llu' prodmdion of sodium, ih', too, was 
iid.(‘i‘(‘s(ed in r('duchig (h(‘ (a)s(. of a,liiminum On Juiui 1, 188(), 
('astiK'r wa,s gra,n(,(‘d a, pat-c'iit* covc'ihig ttu^ n'ductdon of sodium 

' II. 8. Pjit. :M2,S<)7, JiiiK' 1, ISSC. 
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h^'^droxide by means of iron carbide or its equivalent. In this 
process, finely divided iron was mixed with melted pitch and liu' 
mixture coked. It was then crushed, mixed with sodium hydrox¬ 
ide, and heated to about 800°C., at which temperature 
sodium is reduced and distills into a condenser. The nudliod was 
more efficient than prior processes in the utilization of maixuials 
and the apparatus cost was less because of longer lif(\ Tlu^ (ios(; 
of producing sodium in this way was said to be only aboui- 25 
cents per pound. 

To make 1 pound of aluminum required 10 pounds of sodium- 
aluminum chloride. The cost of this compound was by no 
means a negligible item in the production of aluminum, li-s 
purity was also very important. Any impurity in the chloride', 
such as iron, was reduced and appeared as impurity in tli(^ 
aluminum. Each 0.1 per cent iron in the salt nu^ant I pvr cemt 
in the aluminum. Aluminum chloride was made by the method 
discovered by Oersted, which consisted in passing dry clilorirn^ 
over a heated mixture of alumina and carbon. ^i'h(^ doul)I(^ 
chloride of aluminum and sodium used for the maniifactain^ of 
aluminum was produced by adding sodium chloride to Ihv n^a-c- 
tion mixture of alumina and carbon; at a red lu'at the doubk^ 
chloride distilled off and was condensed at a temp(‘ratur(i of aboul- 
200°C. 

This process was used, in 1882, by the French company op(‘rat- 
ing the Deville process at Salindres. Aluminum hy(lra«t{‘ wa-s 
first made by calcining bauxite with soda, kvuTing out sodium 
aluminate, and precipitating aluminum hydralx^ by passing 
carbon dioxide through the solution. The aluminum hydrat(‘ 
was intimately mixed with salt and finely pulveriz(Hl charcoal, 
moistened with water, and rolled into lumps tlu^ siz(' of ora,ng(‘s. 
These balls were then placed in retorts and (ialcin(‘d undl a,l! 
moisture was driven off. Then, chlorine was admit t(‘d to tla^ 
retort and the double chloride fornual and distilhal off. 

The first practical application of the CasliH'r sodium })ro(;- 
ess to the production of aluminum by the I)('vill(‘ procM'ss wa,s 
made by the Aluminium Company, Ltd. at Oldbury, lu'a-r Bir¬ 
mingham, England, whereanew works was erect.(‘d and prodin^tJon 
started in 1888. During the lU'xt y(‘ar, prodin^lion r<‘ach('d 
500 pounds per day, and the nudal was iK'ing sold at 10 shillings 
per pound. This was peak performamu' for th(‘ J)(‘viIl(‘-( asl.mu- 
process. At about the same time that ('astm'r was inv(m( lng 
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his process of making sodium, another American was inventing 
a revolutionary process of making aluminum that was to make 
sodium unnecessary for its reduction. Even though Castner 
invented another and cheaper process of making sodium by the 
ek^ctrolysis of sodium hydroxide, the Devillc-Castner process 
could not stand the now competition, Castner continued, 
howev(M’, to do a prosperous business in metallic sodium and 
otluu* r(‘lat('d chcunicals. His electrolytic process is used today 
for th(' manufactun' of the world’s supply of sodium. In three 
y('ars’ opf'ration he had made some 250,000 pounds of aluminum. 





While the Deville-('astner process represeiitiul the most 
sueci'ssfui (l(‘V('lo[)m(‘id- in the production of aluminum 
by r(‘du(rti()n with sodium, otlu'r invcait.ors w(‘r(‘ making and 
pat(mt ing “ im|)rov(Mn(mt-s” by th(‘ s(U)n\ U.os(‘, a,t Ihn’lin, in 
bShf), <l(‘S(a*ib<‘d his (‘xp('rim(mt,s on th(‘ r(‘ductIon of cryolite 
(5Na,t\Alk:{) with sodium.' P(‘rcy and Dick w(‘r(' working 
a,long th(‘ sa,m{‘ liiu's in lOngland, and at almost t.h(‘ same' tinu'.'*^ 
Saint,('-('lair(‘ 1 )(‘vill(‘,’'‘ lik(‘wis(‘, inv('stigatcal tla^ us(‘ of cryolit(‘ 
att(‘r kairning of t lu* work of H,os(‘ and Ika'cy and Dick, ddu' us(' 
of cryolitn in ])\iic.v of ahiinimun (^hlori(h‘ or tlu' doubh* chlori{l(‘ 
had t.b(‘ adva,nt-ag(‘ of providing a n'lativt'ly i)ur(‘ alumimim 
compound of low volatility. On th(‘ otlua* si(l(‘ oi‘ 1 

' /Vf/f/. Ann., 96, 152 (1H55). 

- FhiL Nov. IS55. 

Ann. <lv (him. cl dc Fhj/.H., (5) 46, 451 (1S50).^C^ 
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were the facts that it required a higher temperature for reduetioii, 
its fluxing action was so strong as readily to take up silica honi 
‘‘earthen crucibles’’ and contaminate the metal, and lurth(‘rmoH', 
its supply was at that time uncertain and its cost high. 1 ho 
Tissier brothers reduced cryolite in their plant, working at Ainlr(v 
ville-la-mi-Voie, near Rouen, The plant was not a comnuacial 
success, however, and closed down after a few years, hainie- 
Claire Deville found that the fluxing properties of cryolit.e made 
it a valuable addition agent in his process and used it rc'gulai’ly 
for that process after it became commercially availabk^ It 
was also used in combination with the double chlori(l(^ in th<^ 
Deville-Castner process as operated at Oldbury, ]<]nglan(l. 

Curt Netto^ returned to the reduction of cryolite. His 
process, as carried out near London, involvc^d tlu^ melting oi a 
mixture of 100 parts cryolite with 30 to 100 parts of sodium 
chloride, and then immersing 35 parts of metallic sodium in 
molten salt. About 75 per cent of the aluminum in tlu^ cry()lit(' 
was reduced and recovered, which, according to Netto, wa.stwic(‘ 
as good as previous workers had done with cryolite. N(‘ti-o also 
developed a process of making sodium in which inohcai sodium 
hydroxide was allowed to drip onto a column of red-hot c()k(‘ and 
be reduced and volatilized thereby. N(‘tto’s proc(‘ss(‘s w(‘r(‘ 
used by the Alliance Aluminium Company operating in l^lngland. 

Ludwig Grabau, of Hanover, Germany, j)at(‘n((Ml a, proec'ss 
which employed aluminum fluoride as the soure(‘ of aluminum, 
using sodium as the reducing agent.- Pun' granuhir aluminum 
fluoride was heated to about G00°C^ and dropjMMl onto molten 
sodium. The reaction, once started, procecMlcal (‘lu'rgi't ie.ally 
without further heating from the outside. TIk^ sodium tluoridi' 
produced in the reduction formed a fluid slag of sodium aluminum 
fluoride, under which the aluminum coIlc'ct cMl. (Iraba-ids i)r()<u'ss 
was employed by the Grabau AIuniiniumvv('rk(' at. d'rotha., 
Germany. Many advantages were clainn'd for tlu' pro(^<‘.ss, 
among which were an efficient utilization of tlu' sodium (SO (o 00 
per cent) and the production of very pur(‘ aluminum; a,luminum 
of a purity over 99.5 per cent was report.i'd by Grabau. Gralniu’s 
process, whatever its merits, Giinm too lat.(‘. All I1 h‘ sodium 
reduction processe>s were shortly to b(‘ displacH'd by a siuuu'ssful 
electrol}dic process which was to make mor(‘ aluminum in the 

1 U. S. Pnl. 431,912, July S, 1890. 

U. Pal. 400,449, Apr. 2, 1889. 
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flrsl. 5 y(‘ars of its op(n‘ation than had been made by all other 
pro(M‘SS(‘H i.og(‘.th(n’ in the preceding 50 years. 

Electrolytic Production of Aluminum. 

Alumina was one of the substances Sir Humphrey Davy tried 
to decompose electrolytically. He melted it with current from 
a pow(U’ful batbuy sufficicuat to heat iron to a white heat. Appar¬ 
ently some aluminum was reduced, but it alloyed with the iron 
h'ads to give a brittle, white alloy. Many years later, Robert 
Willu'lm Bunsem, at Heidelberg, having succeeded in making 
magiH'sium by the (dectrolysis of fused magnesium chloride,^ 
turiK'd his attenbon to aluminum. By the sam(^ method, using 
fus(Ml sodiurti-aluminum chloride, he prepared aluminum in 1854.‘• 
1’he same idea occurnul l.o Sainte-Cdaire D(wille about the sann^ 
tim(‘, and h(^, also, produc(‘d aluminum electrolytically in 1854.'^ 
Both of th(^s(^ scientisi.s had l<o obtain their curremt from batteries. 
This ma(l(^ i-he method so ('xpensive that there was little induce- 
nuuit to d('V('lop it commercially in competition with the sodiuin 
iH'duction ])roc(‘ss. Anotlu'r 25 yc^ars was to elaps(^ before^ 
(lyna.m()-(4('(‘.tric machiiu'ry was suffichmtly common to b(i 
sugg(‘st(Ml for curnmt supply for electrolysis. 

Various inv(‘ntoi‘s lri('d to find a practical process of elcc- 
(. 1 ‘olyzing (Ji(‘ salts of aluminum, ])ut without much success. The 
(loul)l(' chlorid(^ us(‘(l by Jhmsem and Sainte-( Uain^ Devilh^ was 
v(‘ry poorly a^daplxal for th(^ purj^ose. During (4(K;trolysis, th(^ 
aluminum (diloride was continually being us(‘(l up. Aluminum 
(‘lilori(l(' also volatili/xal from th(^ molbm salt, so that (In^ con- 
(M‘n( ration of sodium ('hloimh' I'apidly incr(‘as(‘{l. This raisc'd 
tin' m(‘hing poiid. a,nd ma,d(‘ it mausssary (o h(\at Ihv (4(‘c(rolyt(‘ 
to a- higlH'r (.('mi){'ra,tur(‘ in ordcu* to k(M‘p it fluid. liKaaaising 
(h(‘ !(‘m])(‘ratur(‘ in(*r('a,s(‘d (h(‘ volatilization Ioss(‘s. Th(‘ doui)l(‘ 
chIorid(‘ of a-luminum a-nd sodium nudts a,t-ab<)U(^ lS5”(k; h(‘<!aus(' 
of its vola,lili(y it wa,s lUMMsssary to ('hadrolyz(‘ Ix'low tin' nu'lting 
point of aluminum. This fa(d, tog('th('r with t-lu' low fluxing 
power of th(' salt, irnuh' it v(‘ry difruadt to colh'cd and r(‘S(ai(‘ aaiy 
ahiminiim wlii(‘h might Ih' j)r()(lu(U'd. Otln'i* diflieulth's tiu'ia^ 
w('r(‘, but thos(' just nu'utioiK'd w('r(' suflici('nt- to k('(‘p inv(‘n(-ors 
busy. 

‘ lUiNSKN, F<>{l{/. 82, 187 (1S52). 

'■ liuNsaN, FodiJ. Alin-., July, ISf)'!. 

•'» Dnvn.nn, Ann. (him.. /V///.s‘., 43, 27 (hSM). 
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Sainte-.Claire Deville made one suggestion for the iniprc)V('- 
ment of the process, which was very nice in theoiy. In 
order to maintain the aluminum chloride concentration of tin 
electrolyte, he proposed to utilize the chlorine liberated at tlu'. 
anode to make more aluminum chloride. He, therefore, incoi- 
porated alumina in the carbon anode on the theory that th(‘ 
chlorine would react with the alumina and carbon to regcuKU’al t^ 
aluminum chloride. Unfortunately, it didn’t work that way in 
practice. Furthermore, the alumina-carbon electrodes luul a 
very high resistance. Gratzel attempted the coinnuu’cial 
operation in Germany of a process employing such clcctro(l(\s 
(about 1885). It was a failure. 

Other modifications of the process which were suggested w(ir(^ 
the substitution of cryolite for the double chlorick^, the use of 
mixtures of cryolite and sodium chloride, and also aluminun) 
fluoride and sodium chloride. These electrolytes luul 
advantage of lower volatility, but they still lailed to inak(‘ a 
commercial process. 

Hall. 

It remained for an American, C^harles Martin Hall, of OlKn’liiij 
Ohio, to analyze the problem correctly and siiccesshilly 
solve it. Aluminum oxide could be obtained cluviply and 
its melting point, 2050°C., however, was a bar to (‘ku^l-rolysis in 
the fused condition. He reasoned that if only li(^ could find t\, 
fused salt which would dissolve alumina in substantia,! (Hian(,it,i(‘s, 
he could electrolyze it in solution. Tliis was an (nd-in'ly n(‘w 
idea and a different line of attack, lie found tli(‘ solvcnd. in 
cryolite and, at his home in Obeiiin, on F(i). 2)^, 1<S(S(), Ih‘ (‘ka^ 
trolyzed a solution of alumina in moltxm cryolib' and pr()(ln(^('d 
shining globules of aluminum. Hall’s invention eonsisli'd of Ihv 
discovery of a fused electrolyte which would dissolv(‘ subsfatd ia,l 
quantities of alumina and which poss(‘ss(^d a higlun* sfability 
than the alumina, so that the latter could be (i(‘ctro(^}H*ini(\a,lly 
decomposed without affecting the solvent. Hall’s (‘l(‘c,(.n)lyt(‘ 
had the further important advantages of a r(‘asona})ly low 
melting point, a low operating voltages of approxiina,l(‘ly () voll,s, 
and a specific gravity low enough to permit j)ur(' a.!uminuin to 
sink through the electrolyte and be protect(aI th(‘r(‘by.' 11(^ 

devoted himself energetically to the devclopmeni, of his pi'ocess, 

^ U. S. Pat. 400,766, applied for July 9, 1886, issued Apr. 2, 1889. 



THE STOHY OF ALUMINUM 


13 


and l\iv. first works (3inploying it started the production of 
aluminum in November, 1888, at Pittsburgh. By 1891, the 
last of the works using the sodium reduction process were closed. 
With aluminum selling at a dollar a pound, there was no argument 
as to which was the better process. 

Heroult. 

Paul L. T. Ii6roult, of Paris, on Apr. 23, 1886, applied for and 
was granbul a French patent covering the electrolysis of alumina 
in cryolite, his patent having much the same scope as the Hall 
process.^ lidroult also applied for a patent in the United States, 
but the Patent Office awarded priority of invention to Hall, who 
had also applied for patent protection. It would appear as if 
Heroult failed to grasp the possibilities inherent in the alumina- 
cryolite process, for a year later, Apr. 15, 1887, he took another 
French patent, as well as a series of foreign patents, on a totally 
different process which he proceeded to commercialize.'-^ His 
sc'cond procc'ss only produced aluminum alloys. Pure alumina 
contaiiu'd in a carbon-lined crucible or furnace was fused elec- 
i,roth(‘rmally by heat from a powerful electric current. A large 
carbon anode was suBpcmdcvl in the furnace; a layer of molten cop- 
p(‘r (or iron) in the bottom of the furnace served as cathode and 
alloycMl with the aluminum as it was electrolytically reduced. 
It was n(^c(‘ssary to collect the aluminum in a heavy alloy, 
iK^cause it would oth(3rwise have floated to the top of the heavy 
fused alumina and burned there. The aluminum bronz(^ alloy 
could l)e tapped out of the bottom of the furiiac<^, while copp(‘r 
and aJumina w('r(' add('d at th(' top. 

Th(‘ Sexaete Mf‘taliurgi(iu(^ Suisse was formed to acquire both 
of Ileroult.’s pat,(mis a,ud ])ro(umd(‘d to (‘H'ct works at Neuhaiis(‘n 
to ()p(‘ra.t(‘ t li(‘ alloy proc(‘ss. TIk' j)roc(‘ss was succ(‘ssful and a 
n(‘W company, Aluminium Industrie Akt-iengc^scdlschaft-, was 
organiz(xl to carry on tlu‘ pr()C(‘ss on an (mlargcxl scale at 
N(‘uiiaus(u\. Dr. Kiliani, a t,aI(mt(Ml (‘ka^trometallurgicail (uigi- 
n('('r, was mad(‘ manageu' of tlu^ new (‘nl(‘rprise, and a lai‘g(‘r 
facl-ory was i)ut into optu’ation in 1891. The SocieUi Fkxitro- 
nudallurgiciiK^ Fran(;ais(^ also built a plant, at Frog(‘S, Fraiux', 
to make aluminum alloys by the H6r()ult process. 

‘ Fr. Pn-t. 175,711, Apr, ‘iS, ISSG; Br. Pa,i. 7A2() (1<SS7) Apr. 27, IHSS. 

Mq*. Ptii. 170,(HKt, Ai)r. 15, 18S7; U. S. Pat. 387,870, Aiifi;. N, 1888; 
U(‘r. Pat. '17,105, l)(r. 8, 1887; Hr. Pal. 10,853 of 1887, 1 )(h',. 7, 1888. 
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In the meantime, Hall was selling ahuniiiuin prodiUH'd by 
his process, and on Apr. 2, 18(S9, lus ])a(.(‘nts issii(‘d. Willi 
Hall’s process in successful operation, Heroult ajid Kiliani l.ook 
up the alumina-cryolite process again. Tiny found thal- tlu' 
alloy furnaces could be adapted to the production of pun^ 
aluminum, and within a few years the alloy process was a (Jiing 
of the past and their works were making aluminum. Kilia,ni’s 
name is closely associated with the development of tlu^ aluminum 
industry in Europe. 

Several other processes played a passing part. hlug(‘n(^ 11. 
Cowles and Alfred H. Cowles found that a mixtun^ of alumina,, 
carbon, and a heavy metal, such as copper, could Ix^ (^(‘(d.ro- 
thermally reduced with the production of an aluniinum-coi)p('r 
alloy.^ A heavy current passed through the charg(^, a.i‘rang(‘d 
as a resistor, heated it to a point where alumina was j-('du(XMl 
by the carbon. Some less volatile metal, su<4i as copp(‘r or 
iron, was used to absorb the aluminum. Alloys containing up 
to about 40 per cent aluminum were made in this way, but- t,h(‘ 
average aluminum content was substantially low('r. 

A service of a different character has Imhui nmdiuHMl (,li(^ 
industry by Dr. Joseph W. Richards, for many y<‘ars Prob'ssor 
of Metallurgy at Lehigh University, Bet-hlehem, Pn,. Wdam a- 
student at Lehigh, the subject of his th(‘sis was aluminum. Ilis 
interest in aluminum continued throughout his (^anxM-, a,nd Ik' 
was familiar with the industry in a consulting c,a,p;i(hty. 1I(‘ 
soon became a recognized authority on tJn^ nu‘(a,llurgy of a,lumi- 
num and, in 1887, published tlu^ first, (‘dillon of his liook, 
^‘Aluminium.” This was a modest- volume of 817 pag<‘s. I^v 
1890, a second edition was required, and, in bSOO, tli(‘ (bird 
edition appeared with OOO pag('s. Richards (md(‘a,vonMl to 
collect everything pertaining to aluminum, and t,o imJmh' in 
his work everything of sciemtifie, pra(4,ical, or hist.orica.l va,hi{‘. 
It therefore affords an invahiabk^ sounw^ of in forma,t ion for 
anyone interested in the industry prior t,o l.SiKi, nnd foi- a, long 
time it was the best and, in fact, th(‘ only book on t,h(‘ subji'ct, 
in English. Richards died Oct. 12, 1921, without publishing 
a fourth edition of his work, which had Inxm (‘xp(‘ct-(‘d a,nd wa,s 
indeed planned by him. The present ant,hors, Iik(‘ ma,ny ot hm-s, 
have found Richards’ book invaluabk^ for r(‘fer{mc(‘. 


‘ U. 8. Pat. 324,658, Aug. 18, 1885. 
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IMPORTANT DATES IN THE HISTORY OF ALUMINUM 

1807. Davy atloniplH to i)r()(luc,o {iluiniiium by electrolyzing; fused mixture 
of aluinina juid imtasli. 

1825. ()ersl,(M{ prodiuH^s aluuiinuin by iH^dueiug ahnuinuni c.liloride with 
potassium a-malg:ani. 

1827. Wohhu* produces aluitunum by rculiuiiiig; n,luiiuiuiiH (ddori(l(^ with 
pot.'issiujn. 

18*15. Wohler uuikes enoug;h aluudmnu to dtd-(u*niine its (huisity and otlun* 
important properti(^s. 

185*1, Saint(vCL‘ure D(will(^ nahuu^s alumiuuin chlorides with sodium arid lays 
tiu^ foumhition of tlu^ jiluminum industry. 

1854. Bunsen a,nd Sa,int(vCla-ir(; Deville products the first aluinimnn by 
elec-trolysis, using’ fusial sodium aJuminum (ddoride as elecitrolyU^. 

1850. Sainte-Claire D(will(i, with, D(4)ray, Morin, and Rousseau Bros., 
starts aluminum woi’ks at Glaciere, l^'ram^e. 

1859. SaJute-Claire Deville j)ublishes ^‘De L’Aliiiuiniurn, ses Proprietds, sa 
Kabriea.tion et ses A])plications.” 

1885. (Jowles brothers prodm^e aluminum alloys ])y ol(ad,roth(U’mal reduct ion 
of alumina and carbon in the pr(\s(m(^c of (U)i)i)er, iron, (U,c.. 

1880. (la,stn(‘r invent.s proc,(\ss of producing cheap so<lium for naluction of 
alumimun chloride. 

188(). Hall and lleroult invent the first comnun’cially successful ehMdrolytic- 
r(‘duelion pro(U‘ss a,nd foumhul mod(‘rn aluminum industry. 

1888. Pittsburgh Ibaluclion (l()mj)any (now Aluminum Gompa,ny of 
AnuM'ica) wa.s fouiuh'd. 

1888. Aluminium Industrie', A.-(I,, Neuiumsem, Hwitzeu'land, founded. 

1888. S<)(‘iclc Ph'cl rnmcta,llurgi(|U(* Kra,n(,‘a,is(' (I'h’ogc's) st-a,rt.s first ('kad-ro*- 
eln'inica! j)la,nt for j)roduetion of {duminum in h"rance. 

1891. Tlie British Alumiiuum ('ompaiiy fouiuh'el. 

1909. \\d!m inv(*uls duralumin. 

191*1. I lull and I lerouH die. 

1917. \'ereintg((' ,\luminium-\\'('rke, A.-(b, foi’imal in (lernumy. 

1919. Il()()p('s ('led ro!,\’(le refining proc('ss pe'iiVded. 



CHAPTER II 


THE STORY OF THE HALL PROCESS 

By 

Junius D. Edwards 


Charles Martin Hall. 


Any story of the Hail process should begin with CJiarles 
Martin Hall, born in the village of Thompson, Geauga (k)unty, 
Ohio, Dec. 6, 1863. While still in college, Hall became engrossed 
in the problem of finding a new and cheaper method for making 
aluminum. He was then doing work outside to earn mon(\y, 
and, without neglecting his studies, he carried on his experimental 
work as well. Having finished his college work, in 1885, he w(nit 
to Boston for a time, but soon returned to Oberlin and gav(^ his 
whole attention to a steady, persistent, and finally successful 
effort to solve the problem he had undertaken.^ 

He was then living in East College Street in Oberlin, with 
his parents, in a house at the back of which was a larger woodshed 
floored at two levels. Hall put his battery and crucibh's along 
the edge of the upper floor and stood, while at work, on lJu‘ low('r 
level. In a shed a few feet from the house he had a honu'-imuh^ 
furnace and bellows. Indeed, all his apparatus was hoiiuvnunh', 
and he spent days in patient and clever construction of apparatus 
which he could not afford to buy. 

His storeroom for chemicals, alumina, cryolib^, and oduu’ 
substances was a room opening from the kitchen. He borrowc'd 
or rented some battery jars from the Oberlin (k)lleg(' laboralory, 
fitted them with plates, filled them, and so made a good batt(uy. 
His crucibles he bought, and one of his early difflciihh's was 
caused by silica dissolving from the crucible and contaminating 
his electrolytes. 


Hall seldom became discouraged for iiuu-e than a f('w hours 
at a time. If he met witli a difficulty, and tluTc were inaiiy, lie 
set himself to devise a method or apparatus to overcome it. He 


' Ihe story of null's early life is based on a short sketch written by lii.s 
si.stBr, Julia B, Hall, Jan. 20, 1915, 
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never worked at random, nor did he stumble onto things.” 
He worked with a clear and definite aim and at twenty-two 
years of ag(^ he had achieved that which many great chemists 
had failed to do after a half century of work. 



f 

I'’ni, :i.- ('hiirlc.M Mmi-Uii Iliill, 


Discovery of Hall Process. 

Hall (.old his family aboul his work as if. progressed, and 
on h(‘l). 2'Sj 1(S<S(), lu' calk'd his sis((‘rs to show (lu'in his first 
hutl.on of aluminum. A ban' oiit.liiu' of IlnlTs })r<)c(\ss has Ix'C'u 
giv(‘n in I Ih' j)r('C(‘(ling chap(('r. hurt unal (‘ly, Hall has n'c'ordc'd 
SOUK' int(‘r('sl.ing (h'tails which must not b(' omilli'd in (.clling llu' 
story of aluminum.’ 

Remarks l)y C'liarh^s M. TTiill upon tlu^ prosonlation to him of Perkin 
modal jointly by tlu^ Socnoty of (-h(‘mi(uil Industry, the AnH‘ri(^an ('h(3mi(‘.al 
Society, and the Am(3ri('a.n Kl(3et,roch(Mni(*al Society, Jan. 20, H)li. 
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My first knowledge of clieiiiistry wns gained as a stOioolhoy at Oborliii, 
Ohio, from reading a book on cheiuistry which luy father studi(‘d iji 
college in the ^forties. I still have the book, published in bS-11. It is 
minus the cover and the title page, so I do not know the author. It 
may be interesting now to see what this book, published sevent,y years 
ago, says about aluminum: ‘‘The metal may be o])taiiied by heating 
chloride of aluminum with potassium in a covered i)latinum or porcelain 
crucible and dissolving out the salt with water. As thus prepared, it 
is a gray powder similar to platinum, but when rubbed in a nioF’tar 
exhibits distinctly metallic lustre. It fuses at a higher teinpora.tur(^ 
than cast iron and in this state is a conductor of electricnty but a non¬ 
conductor when cold.^^ 

Later I read about Deville’s work in France, and found the statement 
that every clay bank was a mine of aluminum and that the nudial 
was as costly as silver. I soon after began to think of proc.(iSH(^H for 
making aluminum cheaply. I remember my first oxi)erinient was to 
try to reduce aluminum from clay by means of (‘-arbon at a higii tenip(u*a.- 
ture. I made a mixture of clay with carbon and ignited it in a mixl-ure 
of charcoal with chlorate of potassium. It is needless to say that no 
aluminum was produced. I thought of cheapening the chlorides of 
aluminum then used as the basis for aluminum mamifacture, and tricMl 
to make it by heating chloride of calcium and chloride of magnesium 
with clay, following the analogy by which iron chloride is prodm^Ful 
when common salt is thrown into a porcelain kiln. A little later 1 
worked with pure alumina and tried to find some catalytic agent which 
would make it possible to reduce aluniiiia with carbon at a higli Uuii- 
perature. I tried mixtures of alumina and carbon with barium salts, 
with cryolite, and with carbonate of soda, hoping to g(?t a doubh^ r(\'ictioii 
by which the final result would be aliimimiin. I nniKunber buying 
some metallic sodium and trying to rcdiic.c cryolite, but obtaiiual vei’N' 
poor results. I made some aluminuiii sulphide, but found it wvy 
unpromising as a source of aluminum then, as it has Ixnm even* simr. 

On a later occasion I tried to elee^trolyze a solu(-ioii of ahniiiiuiiii 
salt in water, but found nothing l)ut a deposit of hydroxide on tli('. m^ga,- 
tive electrode. I did not give a great deal oi time to tlu^se expen’iiuents, 
as I was then a student in college and was working on (-hreie or four 
other attempted inventions. 

I had studied something of thermochemistry, and gradually (,h(‘ 
idea formed itself in my mind that if I could get a, sohifion of alumina 
111 sometliing which contained no water, and in a solvimt which was 
chemically more stable than the alumina, this would probably give a, 
bath from which aluminum could be obtained by ehjctrolysis. 

In February, 1880, I began to experiment on this ])lan. Tha first 
thing in which I tried to dissolve alumina for electrolysis was fluorspai^ 
but r found that its fusing point was too high. l‘ next made some 
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Diji^’iiosiiun fluoride, but found this, also, to liave a rather high fusing 
])oiiii. 1 thou took some eryolitc, and found that it melted easily and 
in the molten (tondition dissolved alumina in large proportions. I 
I'iggod up a little eleetrie. battery—mostly borrowed from my professor 
of ehomistry, Prof. Jewett, of Oberlin College, where I had graduated 
the previous summer. I melted some cryolite in a clay cruci])le and 
dissolved alumina in it and j)assed an electric current through the molten 
mass for about two hours. When I jKnired out the molten mass 1 
found no {duminum. It tlien occurred to mo that the operation might 
be interfered with ])y impurities, principally silica, dissolved from the 
clay crucible. I next made a c.jirbon crucible and repeated the experi¬ 
ment witli better success. After passing the current for about two 



‘1. Pholo^riiph of orijfiii.'il .six'fiiiicn.s of nluniiimni CNow. 1 {tiid 2 of 
(imirc) nindc 1).\' ('liMrU'.s 1\I. Iliill with a. galvanic ha,Mery in ISSU hy th(‘ proca.s.s 
invcnti'd hy liiFii; tlii* first, run or otitpnl. of a.luininuin nuidn hy flic Aluniinuni 
('oinpa.n.\' of America (No. h in ccniiM' of fi;j;urc). 

lioiirs, 1 poiin'd out the tmit(‘ri;d tind fouml a iiinnber of smtdl globules 
of alumitium. I was lUvw (piilo siiri^ Mitit I lutd dis(*ov(‘r(Hl tlu^ proct^ss 
I was after. 

I iimhu'look i,o hronthui n,ud imi)n)\’(^ tlu^ uudJiod, and found tJiai I 
could iis(‘, inst(‘ad of cryolile, otlau’ double fluoridtis, particularly a, 
{ioui)l(^ l!uorid(i of potassium ttnd alumijuim. The most important 
cluLng(\ ho\v(A’(M-, which 1 m;id(' ;it this tiim*, wtis in th(‘ maU'fial us(xl as 
;mod(‘. 1 wa.id(Hi to g(‘t rid of tiu^ burning up of tlu^ carhoii tUKxh^s. 

1 (.ri(‘d a, jtlaJinum anod(^ and found that it scadiKxl to work till right, 
but it wjis too (^xiH'iisivfP I discov(U’(Ml that if I ustxl a, fusible btit-h of ti 
potassium double fluorid(\ I (amid us(^ a (aipjxu* tinod(^, whitii iimiuMli- 
atnly be(\'une coat-ed with a thin him of (atpixu* oxide and act(i(l like n 
permanent platinum aimdc. This was not ti step in advan(X‘ as I liad 
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hoped, because more or less copper got into the reduced aluminum, 
and the use of a copper anode led me to use very fusible baths, which 
on the whole did not work as well as the less fusible baths. It is probable 
that this change delayed a successful result for a year or two. 

When worked on a small scale, this process with any of tlie baths I 
have mentioned, and with either copper or carbon anodes, is not appar¬ 
ently promising. The ampere efficiency is low, sometimes xero, and 
the bath, whether composed of sodium or potassium salt, beconuis 
filled with a black substance which accumulates and renders the proc^oss 
very difficult. In spite of the difficulties mentioned, however, I had 
great faith in the theoretical possibilities of the process, and believetl 
that the practical obstacles could be overcome, so I stuck to it from the 
start. 

Negotiations with the Cowles Company. 

Hall was convinced that the process had great comuKU’dal 
possibilities, but, like many other inventors, he lacked thh inomw 
to develop it. He therefore sought an opportunity to’ demon¬ 
strate the possibilities to someone able to finance the venture. 
His first effort, aided by his brother, was in Boston, but 
results obtained were unsatisfactory and Hall, disappointed, 
returned to Oberlin in December, 1886. Six months more w(U’(^ 
spent in negotiations with a Cleveland chemical manufacture^’, 
who, apparently, was willing to take the process as a gift but 
would not make Hall a fair offer. 

The Cowles Electric Smelting and Aluminum C'oinpany, of 
Cleveland, was at this time making quite a siicc<\ss of tlu' (-owh's 
brothers’ aluminum-alloy process. This was a proceiss of (‘kuiti’o- 
thermally reducing alumina in admixture with carbon by j)assiiig 
an electric current through the charge. Be'causo oi llu' liigh 
temperature of reduction, it was necessary to collect the i’(Mluc,e(l 
aluminum in a less volatile metal, such as copper or iron. Only 
alloys were produced, and the most valuable was the coppt^r- 
aluminum alloy with 10 to 20 per cent aluminum, known as 
'^aluminum bronze.” The alloys were being sold on th(‘ basis of 
about $5 a pound for the aluminum contained, which was sub¬ 
stantially less than pure aluminum was selling for in the mai’k(‘t.. 
The Cowles plant was located at Lockport, N. Y. wlier(‘ \\\m\ 
was waterpower of 1,200 horsepower available. This constituted 
the aluminum industry of America at the tim(\ 

It seemed logical to join forces with the (Bowles (Company, so 
Hall went to Cleveland and on July 26, 1887, (mt,ered into an 
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wheroby th(‘y wor(> to invo.stigaio and dcmonsirate 
is process at their Lockport works. Hall was to receive $75 a 
lonth for his services and, after 90 days, the sum of $750 if they 
ecided to continue the investigation. The Cowles Company 
iceived an option to purchase the Hall process and patents 
ithin six months, for which they were to give Hall one-eighth 
iterest (2,500 shares) in the Cowles Company upon its being 
^capitalized. 

Hall went to work at Lockport. The course of development 
' most new processes is beset with difficulties, particularly where 
le work is pioiKH'ring in nature, and HalFs process was no 
cception. His work was done on a small scale and without 
jsistance. No better picture of th(' situation can be given than 
lat contained in one of Hall’s reports.^ 

Lockport, N. Y., Jjiii. 25, 1888. 

Report 071 ExperimetUal Work 

I hftvo now gained a thorough knowledge' of the requirements of 
my proca^HS. It is now (und-ain tluit very ])iir(^ materials will not bti 
reqiiinul. The lae.k of success for a long time was due to improper 
mechanical a,rrangements and lack of adjusinumt of the current. 

I Ixfg to states that the cost of apparatus {ind mat(;rials has been 
small, not ov(u* $150 to $200, that I have had the (u-udest ai)paratus 
and hav{^ workcul entindy single handed. In spite of this, tlu' pro(a*ss 
now aj)i)(\ars to bo umhu* (X)ntrol, and T l.)elieve the kiiowhnlge has 
b(am gaiiRul by wlii(di to make it a su(au>ss on any sc^ale. It appears 
that in enlarging the op(U’aiion no com])licn,ted prol)lems will arise, 
but that, by following a f(‘w simph^ principles sman^ss ca.n la^ (‘asily 
attaiiu'd, K.(‘c(‘nt,ly oven* a ptuind of pun^ aluininum has Ixxm nuuh'. 

In onh'i' to ma,k<‘ it pun' and to make it nion' e<‘ono!ni(*ally, all that, is 
reciuinxl is l(\ss c-ru(l(' a.ppjiratus. The prosixu‘1 now is tlmt tlu' proc- 
(\ss is all t.hat was suppos('d a,t tln^ sta.rt. Tlu' r(^suils of I.Ik' j)ast. six 
months’ work will apjx'ar in tlu' fut.iin^ (ha'clopnieiit of tlx' procc'ss. 

lU'spcu't fully submit t('d, 

Cbas. M. Hall. 

'ho lh(' Board of I)in'(d-ors of t.lu^ Cowh's lOh'ctiac SiiH'lting and 
Alumifuun (k)mj)aiiy. 

Ibill must hav(* Ikhui gn'utly disappointca! wIk'ii Ik^ fnik'd 
' r('eciv(‘ the $750 du(' at the end of 90 days, l)(‘(^aus(' lu' was 

' Jdainiitl’s Hxliibit., (k)wl(’s Hh'ctric, Smelting a.nd Aluminum (k)., r.s. 
U' Pittsburgh Hoduelion (’o., V, S. ('inmit Court, Nortlu'rii District of 
w York. 
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pressed for iiiojiey io iiieo(. the costs of prosecuting liis i)nt(‘n(- 
applications. For a consideration of $150, however, he (‘xtinuled 
the time for payment of the $750 and the option ])(u*i()d iov 
another 90 days. The Cowles Company again failed to pay th(^ 
$750 and Hall again extended the time of payment to Apr. 2d, 
1888. At that time, they told Hall they were no longer interested 
in his process. 

It is difficult to understand why the Cowles Company passcul 
up such a golden opportunity. It is probable, however, lhat 
they were so impressed with their own alloy deve opment that 
they overlooked the possibilities of the new process which had 
been brought to their door. A short extract from a letter^ ol 
Edwin Cowles, president of the company, written Aug. 4, 1887, 
to Mr. Baldwin of the Cowles Company, may explain this 
attitude: 

I think if you understood our reason for making tlie coJitrac;! w(^ did 
with Mr. Hall, you would not have objected to it. The young man 
submitted his process confidentially to Eugene and Fred, and they 
both said there was very great possibility of its having great mci’it , 
even to the extent of its being able to produce pure aluminum as low 
as 25 cents per pound. We reasoned as follows: If some parties wore to 
get hold of his process, there might be great danger of its killing our 
process. As a matter of prudence, we concluded to make some exp(u*i- 
ments with it. We laid the matter before the Boanl and thoy 
unanimously of the opinion that it was best that wo should malui tJui 
contract. To be sure, it will cost us a few hundred dollars, but it is a, 
good investment for us on the same principle that we would pa,y out tlu^ 
same amount to guard against losses by fire. The fact that the young 
man produced several buttons of aluminum on a kitchen stove aloiu^ is 
sufficient evidence that he might become a groat inventor. Tlu^ pric(^ 
we pay for it will be low if we can pnnluce the pure metal at k^ss t,hnn a 
dollar a ])ouiicl, for we could, in that (%‘ise, sell our foreign pabmts for 
half again as much, if not double or treble. 

Unfortunately for the Cowles Company, l-h(\y hi Ilnur iigr(M‘- 
ment lapse and with it their ‘ffire insurance.” Hall Ikuuuik' 
convinced that the Cowles brothers wislnul to discourager him in 
order to drive a better bargain for his proce'ss. Ih' rmnaiiKul at 
Lockport for a few months longer, continuing his (‘xpewinuuds, 
and paying his own expenses. 

^ Plaintiff’s Exhibit, Cowles Electric Smelting and Aluminum (’o., as. 
The Pittsburgh Reduction Co., V. S. (kreuit Ciourt, Nordu'rn Districl of 
N(*w York. 
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The Pittsburgh Reduction Company. 

In July 1888, Hall loft Lockport. Tic kiu^w that establishing 
his process meant a struggle, but he was more confident than ever. 
While at Lockport, Hall made the acquaintance of llomaine C. 
Cole, who shared HalTs enthusiasm for the new proc(\ss and saw 
in it a great commercial opportunity. Some years before, Colo 
had experimented on the reduction of alumina for Alfred E. 
Hunt, of Pittsburgh, who had formed a partnership with George 
IT. Clapp for testing materials. This was known as Hunt and 
CJapp, and later, Jan. 1, 1883, was incorporated as The 



Pittsburgh T(‘s(,ing I.aboratory. \\1i(‘ii Coh' j)r{‘s('nl(‘(l Hall’s 
proposition lo Hunt, an agnH'itHnd. was (juic^kly (‘rf(‘ct(‘d. Hunt 
rais(‘d $20,()()() {%‘ish among a lew friimds {uid T1 h‘ PiKsburgh 
K(‘du<J.ion ( omj)any was slarled S<‘p(. IS, ISSS. 'Vhv original 
subs(n‘il)(‘rs W(‘r(‘ G('org(‘ H. (Japj), IVIillard niinsick(‘r, Alfn^I 
K. Hunt, Hora(U‘ W. Lash, W. S. Sa,mpl(‘, and lh)})(‘rl J. 
SeoH. 

rii(‘ (ii'sl works w(‘r(‘ install(‘(l in a eoupk' of rooms in a building 
on Smallman Slr(‘el, PiHsburgh. Tlu' (‘k'ctrieal (‘(piipiiKMit 
consislc'd ol a l25-hors(‘pow('r st(‘am (nigiiu^ with (wo dynamos 
ral(‘d al^ 1,000 aitipercss ('ach at 25 volts. Tlu' firsl. <d(‘ct,r()lyti(^ 
c(dLs, or r(‘du(!tion pots, as th(‘y ar(‘ cfilh'd, w(‘r(‘ of (^jist iron, 24 
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inches long, 16 inches wide, and 20 inches deep, with a d-incJi 
baked carbon lining. The carbon anodes, 6 to 10 in nunibcu*, 
were about 3 inches in diameter and 15 inches long when new; 
they were suspended by ^^^-inch copper rods from an overhead 
copper bus. Each pot held about 200 or 300 pounds of electro¬ 
lyte or bath, as it is frequently referred to. Two pots wer<^ 
arranged in series and took 1,700 to 1,800 amperes at 16 volts, 
which was the normal operating voltage. Operating in this 
way, these pots averaged about 50 pounds of aluminum per day 
from the time they were started on the night before Thanksgi ving, 
November 1888, until they were scrapped for larger equipmemt 
a year or so later. 

These first pots were set upon a brick casing so arranged that, 
if necessary, they could be heated from below by a natural gas 
flame. It was found, however, that the heating effect of tlu^ 
electric current was sufScient to maintain the bath fluid, and 
so this external heating was gradually diminished and aftcu* 
a few weeks done away with entirely. Aluminum hydrate was 
imported from Silesia and calcined at the works to form the 
anhydrous alumina for charging the pots. The plant was also 
equipped with a furnace for baking the carbon linings in thci 
reduction pots preparatory to starting them. 

Hall was made superintendent, and Hunt appointed another 
young man, Arthur Vining Davis, then employed by him at the 
Pittsburgh Testing Laboratory, to alternate with Hall in the 
day and night management of the work. When the Hitiallman 
Street works were ready to start, Hall and Davis w(u-o two of 
the five employees. 

A daily production of 50 pounds of aluminum to sell at a profit 
of several dollars a pound looked very promising fo tia^ lunv 
company. Although operating on a small scale, its (M)s<, of pro¬ 
duction was Jess than half that of the IxNst C()mp(‘tiliv(' i)roc(‘ss. 
Though the liall process metal at $5 a pound could und(‘rs(‘ll 
all other aluminum, there was a v(‘ry liinitcxl mark('t af (ha,t 
price, so the price was reduced to $4 and again to $2 in ‘Mialf-lon 
lots^^ to increase the use of aluminum and stimulate th<' demand. 
The rapid reduction in prices did not, at onco, gr(^a( ly iucr(ias(' 
sales. What was needed was a price low enough to mak(^ 
aluminum attractive for many new us(‘s and, in addition a 
stable market. With prices falling all tin' tiiru', many possibk^ 
users were inclined to wait a whik* kjngxn* and s(‘(‘ if i)ric(^s 
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wouldii’1. go lower. When aluminum was offered in half-ton 
lots, Hall wrote to Oole:’ 

Hie mention of $2 in 1 ,()0()-p()und lots didn’t seem to interest anyone. 
I know a good many })Cople look at it us a big guy, and tliey have 
reason to do so, as they know that tlie total eonsumption of aluminum 
in the U. S. has hardly been 1,000 pounds !i year. People have said 
we didn’t have 1,000 pounds. They were wrong, but they might have 
said, that so far as the users of aluminum were eoiieerned, practically 
no one wanted 1,000 pounds. 

In spite of the limited demand at first, the companyts future 
seemed assured, and so in the fall of 1889 the capital stock was 
increased to $1,0()(),()()(). Alfred 111. liunt was president and 
general manager, and (diaries M. liall was vic(vpresident in 
charge of technical operations. The company was exceptionally 
fortunate in having a vigorous and able leader of men at its 
head. Hunt commanded the respect and confidence of his 
associates, and of Hall. His clear vision and lead(‘rship were 
(luite as (^ss<mtial to the ultimate success of the company as 
wa,s Hall’s technical ability. 

By th(^ middle of 1890, it was nec(^ssary to (mlarge the works, 
and two dynamos having a capacity of 2,500 amperes at 50 volts 
were instalhal. Th(' added (apiipment was in operation by 
S(‘ptembcr, giving th(^ company a daily production of about 475 
pounds. This plant was us(k 1 until March, 1891, wlum its 
()p('rations were discontiniKMl and a n(‘W plant (h'sigiual for 
installation on th(‘ All(‘gh(‘ny Hlv(U’, at N(‘w Iv(msingt.on, about 
19 mih's from Pitisliurgli. 

Litigation with the Cowles Company. 

OiK' of tb(‘ first, (M)nim(‘r(aal n'sults of lluU’s succ(‘ss was to 
mal<(‘ it iin])ossil)le for t li(‘ (’owh's (’ompaiiy to S(‘ll aluminum 
alloys ina(l(' by tlu'ir j)ro(;(‘ss in (a)mf)(‘tition with those' made' by 
alloying Hall’s pure' alumimim. In oreh'r te) compe'te', the' (’e)vvle's 
('ompany se'ere'tly a,elo[)t,e'(l Hall’s pre)e‘,e‘ss ami starte'd making 
anel se'lling ahimimim in Janiuiry, 1891, in (U)mp(‘titie)u with 
The' Pittsburgh He'ductioii ('Omi)any. This comj)any iinme'- 

' Plaliiliff's Isxliiliil, (ovvlt'.s Plenaries Smelting ami Alinnimmi ('o., /',s. 
'rii(‘ Pillshurgh Ke'due'tion (’e)., U. S. (Ircuii ('ourt, Norllmra Dislrici of 
Now \'ork. 
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diately started suit for infringement and the struggle was on in 
earnest. ^ 

The Cowles Company contested the suit energetically. J0v(uy 
possible defence was sought; the art was searched from Davy to 
Hall for possible anticipations. Expert witnesses testified day 
after day. The Cowles brothers testified in their own behalf and 
also brought over Dr. Gratzel from Europe. For The Pittsburgh 
Reduction Company^ Dr. Charles F. Chandler of Columbia 
University was a resourceful and well-informed witn(\ss. The 
records of the case constitute an excellent history of the art of 
producing aluminum by electrolysis up to the early hniietfi\s. 
The case was argued before Judge Taft (later President Taft) and 
Judge Ricks, and on motion for rehearing was reargued b('for(' 
Judge Taft. Judge Taft handed down his dc^cision on Jan. 
20, 1893, which was a sweeping and clear-cut victory for Hall.-' 
The validity of HalPs patent was upheld and the Cbwk^s (um- 
pany held to have infringed. Judge Taft in his opinion staic^d: 

Hall’s process is a new discovery. It is a decided stej) forward in tlic 
art of making aluminum. Since it has been put into practical use, tlio 
price of aluminum has been reduced frozn six or eight dollars a jzound 
to sixty-five cents. This is a revolution in the art and has had the effo(!t 
of extending the uses of aluminum in many directions not possible when 
its price was high . . . Hall was a pioneer, and is entitled to the 
advantages which that fact gives him in the patent law. 

The Cowles Company appealed their case, but wIkui tlu^ cas(^ 
came up for hearing before the Circuit Court of Api)eals, iluy 
voluntarily dismissed their own appeal. An injunction was 
granted and, after a hearing, an award for damages was evenf-ually 
made to The Pittsburgh Reduction (bmpaiiy. 

This litigation was expensive and it consunu'd th(‘ tinz(‘ mid 
attention of the young organization, which had all llu' prolihuns 
of this new and complex industry demanding solution. A ihuv 
menace had been in the making for some iiin(‘, hovvi'viu*, and lh(‘ 
company was soon to be involvcal in furtlu'r litfgafion. 

One of the points of controversy rais(‘{l hy Covvk'S in (Ji(‘ jirior 
case had been the question of ''int(‘rnal luading of th(' bath.” 
HalTs original experiments had beem on a small scal(‘ and lu‘ had 

^ A (letiiilccl description of 1lic liall jKitonl.s and tli(‘ liliga-lion involving 
them lias lieen given by 8eabury Mastick, ,/. ItuL Enq, L/uun., 7, 
879 , 984 , 1071 ( 1915 ). 

2 55 Federal Reporter, 301 . 
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fused his mixture of cryolite and alumina and kept it molten by 
heatiri| 2 ; the crucible in some kind of furnace; that is, by external 
heating. This is, of course, almost necessary when working on a 
small scale. Hall anticipated that when working on a com¬ 
mercial scale, however, any external source of heat would be 
unnecessary, and the energy of the electrolyzing current would 
maintain the bath in a molten state. 

On Aug. 29, 1886, he wrote his sister. Miss Julia Hall: 

In some respects this iin^eiition is going to be better than 1 antuapated; 
thus the resistance oi the licpiid is exceedingly low. Also it is evident 
Ironi the experiments that the waste heat of electricity, which must be 
used anyway, will be nearly or (piite enough to keep the solvent melted. 

A similar statement was included in his ponding patent 
specification. lialPs patent was for a process and not an 
apparatus, however, and was hence unlimitcal as to the method of 
heating employed. liall was content to nu'et the Patent 
Office re(]uirements by showing oik' form of apparatus which 
would work—and he showi'd th(‘ ('xku'nally heated crucible he 
had actually employed on a small seal(\ Hall considered that 
th(‘ hc^ating ol tlu' ))ath by tJu' curnuit was an inevital)le n'sult of 
passing i\m curnmt lU'cc^ssary for electrolysis, and that as soon as 
lie op('rate(l on a large' scales lie could not avoid S(‘curing the 
b(‘nefits of this inb'rnal heat. It ru've'r oceuirn'd to him as 
sonu'thing that might Ix' pate'iit.ed. 

The Bradley Patents. 

On Id'b. 28, 1S(S8, (‘xn,(h.ly thr('(' years Ix'fore' Hall made' his 
hrst aluminum, (1ia,rl(‘S S. Hradh'y lik'd a, ])at('iit aj)i)Ii(‘,a,t ion 
which clainu'd broa-dly ttu' iek'a of fusing ‘hire's” by tJu' e'k'ctric 
arc anel (lu'ii jiassing a enirre'iit t hrenigh the' eire' lei <le'ce)inj)e)se' it 
anel maintain it in the' fuse'el cemelitiem. The' de'cennposition e)f 
e‘rye)lit-e‘ as an eire' of aluminum was the' spe'ealie* e'xanipk' give'n by 
Hradk'y. The' Pate'iil Office' pi’empitly re'je'e'te'd his applie^aJ-ion 
on the' basis eif the' pi'ien* art. Afte'r tJu' 2 ye'ars’ pe'riod t he'ii 
alleiwe'd by iJie' Pat-e'iit ()flie*e', Hradk'y re'|)lie'el wit ban ajne'iielme'nt. 
'The' case' dragge'el em this way for 6 ye'ars with one' re'je'edion afle'r 
aneitlu'r. The' iirincifial art- relie'el em by the' Pat-e'iit Office' was 
Oavy’s pre'paratiem eif me'tallic peit-assiimi by the'e'lectrolysis of 
peitash. Jfavy luul ve'ry ek'finile'ly st-at-e'el: 



28 


THE ALUMINUM INDUSTRY 


I only attained my object by employing electricity as the common 
agent for fusion and decomposition. 

The Patent OfSce did not then consider it constituted invention 
to apply Davy's idea to the electrolysis of cryolite. 

A new character appears now, Grosvenor P. Lowrey, who, 
acting as agent for Bradley, took his patent application in hand. 
The Hall patents had issued Apr. 2, 1889, and the Hall process 
was in successful commercial operation. In fact, Lowrey 
visited The Pittsburgh Reduction Company’s plant and viewcMl 
the operation of Hall’s process. It is obvious from the records 
that, from this time, the Bradley patent application was ))eing 
groomed for an assault on the Hall process. After repeat(‘d 
rejection and two appeals to the Examiner-in-Cdiief, a division 
of the Bradley application was finally drawn, and limited so as to 
satisfy the Patent Office Commissioner to whom a final aj^peal 
was made. Patents were issued on two similar divisional 
applications on Dec. 8, 1891, and Feb. 2, 1892.^ 

The Bradley patents were assigned to Grosvenor P. Lowrey, 
who was interested in introducing the Heroult alloy process into 
the United States. An experimental plant was erected at 
Boonton, N. J., under the name of the U. S. Aluminum Metals 
Company; some experimental work was carried on but it never 
operated commercially. Bradley and Crocker, who had applied 
for an electric-furnace patent of interest to the Cowles Company, 
had made an agreement, in 1885, with the Cowles Company to 
assign to them any inventions they might make which would 
^^nterfere” with the Cowles process. Appanmtly the (k)wles 
people were not interested in the two particular Bradley patents 
in question until they issued late in 1891 and early in 1892, sjn(‘(‘ 
the original Bradley application was known to tlu'in but not 
mentioned in the agreement. The Bradley applicat ion n'hu’n'd 
to an electrolytic process and the Cowles proc(‘Ss was strictly 
electrothermal in character. The (k)wles (k)nipany now rt'cog- 
nized the offensive value of the Bradley patents and laid claim 
to them under their old contract. Jiidg(‘ Taft Inward th(‘ suit 
and on Apr. 23, 1895, award(Hl title to Lowny as Bradley’s 
assignee. The case was appealed, how(W(U‘, and t]i(‘ judgnimmi. 
reversed, Feb. 15, 1897. 

Just as soon as title to the Bradley paBmts was transf(‘rr('d, 
the Cowles Company, now reincorporated as th(‘ Fleet,ric Snudt- 

' U. 8. Pats. 464,933, Dec. 8, 1891 468,148, Pel). 2, 1892. 
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ing and Refining Company, started suit for infringement against 
The Pittsburgh Reduction Company. Bradley, whose patents 
were the foundation of the suit, was a bystander in the struggle; 
his feelings towards the Cowles Company were none too kindly 
because he felt that he had been unfairly deprived of his patents. 
This situation probably explains why he was not called as a wit¬ 
ness in (k'fense of his patents. 

The issues involved might seem to have be(m fairly simple. 
Did Bradl(‘y discover the art of simultaneously fusing and 
electrolyzing ores, particularly ‘^refractory ores of aluminum,’' 
and was The Pittsburgh Reduction C'ompany practicing his 
invention as described in his patent claim? As to the matter of 
discovery, Bradley stated in his proceedings before the Patent 
Office: 


It is admitted that Sir Humphrey Davy's reduction of potassium and 
sodium, as described by him, embodied on an infinitesimal scale the 
process described and claimed by Bradley. 


In order to avoid this reference', Bradley limited his claim 
in a rather indefinite way and made some extravagant n^yme- 
sentations regarding the pioiKHuing character of his work. Th(^ 
Pit-tsburgh Reduction Company contended that the Bradley 
patents, if valid, should be const-riKHl narrowly in th(^ light of th(' 
limitations y)lac('(l upon tlunn by the prior art and the Paten 
Office proGe('(lings. The (k'cision was written by Judge TIaz('l 
on Oct. 22, 1901.' He did not attempt to pass upon thi' validity 
of th(' Bradh'y patents but lu'ld that, if tlu'y were valid, th(‘ 
Hall proe.c'ss did not- infringe'. 

Th(' h'gal rights w(‘r(' veuy tiiu'ly drawn. Tlu' (pK'stloii as to 
who was re'sponsihh' for llu' {-('(dmie^al and conim<'rcia,l j)r()g’ress 
made' in t he' [)ro(lucl,ion of aluminum is more' re'aelily answe're'el. 
Braelh'y ne've'i* e)pe'rat.e'el his pre)ce‘ss; in fact, it was (X)mme'r- 
cially iinpra-edical. The^ pre)ce'ss lu' elisclose'd was the' simult.ane- 
e)us fusion a,ml e'Ie'e‘J.re)lysis e)f e!rye)lite'. This wa-s Ihc. application 
of l)a-vy’s e)lel m('Hie)el e)f using tbe^ e'I(‘ctre)lyzing curre'iit to 
maintain fusion of tbe^ e'le'e*Jre)lyl.e' te) tbe olel iele'a e)f ])re)elueing 
aiuniimim by tbe' e'le'ed-rolysis e)f crye)lit,e'. Wlie'U this j)roeu'ss 
wa,s trie'el e'xpeuame'iitally, il^ re'eiuire'd ce)ntinuously fre)m lb t-e) 50 
volts te> maintain e'le'eJrolysis. Tins was unele)ubteully elu(' to the‘ 


ane)ele' eJTe'e't, of wbie'b liitle' wa,s known then. By^ 
'III Fnlcnil Rrporter, 7-12. Mon ^ 




30 


THE ALUMINUM INDUSTRY 


Bradley^s patent was issued and first made known to the world, 
the art had long since dispensed with any external source of heat 
for electrolysis, and this had come as a natural and inevitable^ 
development as soon as electrolysis was carried out on a large 
scale. Bradley was not even sure that fusion could be main¬ 
tained by the electric current alone, for he described the use of an 
auxiliary heating device, such as the flame of a blowpipe, directed 
upon the surface of the electrolyte. This feature is also claimed 
in another divisional application patented Apr. 26, 1892 (No. 
473,866). As a matter of fact, there is no evidence that Bradk^y's 
patent was other than a “paper patent.'^ 

The Electric Smelting and Refining Company in duo cours(' 
appealed the case, and again the lawyers wrote extensive briefs 
reviewing the case from every angle. Hall was con/idemt of 
success. It was a staggering blow, thcrefon^, to hav(^ Judge 
Coxe on Oct. 20, 1903, reverse the decision and hold that th(‘ 
Bradley patents were valid and were infringed.’ The efh^ct 
of the decision was to make it impossible for anyone to make 
aluminum by electrolysis on a commercial scale without infring¬ 
ing the Bradley patents. Furthermore, the holders of th(^ 
Bradley patents could not make aluminum without infringing the 
basic Hall patents. The only practical process of making 
aluminum was by the electrolysis of alumina dissolved in a 
double-fluoride electrolyte (HalPs process) but the electrolyjiing 
current inevitably kept the electrolyte molten and that act 
infringed the Bradley patent. The Pittsburgh Reduction 
Company, however, felt that it had spent enough time and mon(>y 
in litigation and, therefore, eflected a settkuinuit with tlu^ 
Electric Smelting and Refining CV)mpany wlieix'by it r(U!(‘iv(‘d a, 
license to use the Bradley patents until they c^xpin^d in 1909. 


Development of Aluminum Company of America. 

The works at New Kensington were operat.c'd by slea.m p()W('r 
and had a production of 1,000 pounds of aluminum pvv day in 
1893 and 2,000 pounds per day in 1894. At tliis tinu', tlu^ 
Niagara Falls power development was inaugurated and th(‘alumi¬ 
num industry was its first custonuu’. On Juru' 28, 1893, lJi(‘ first 
powei contract- calling for 1,500 horsepowei', with an option on 
1,000 horsepow(*r additional, was mad(‘ with th(‘ Niagara trails 
Power Company. A new reduction works was d(‘sign(‘d, con- 

^ 125 Federal Reporter, 926 . 
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structed, and put into operation on Aug. 26, 1S95. The follow¬ 
ing year, on Nov. 21, a second works was started. In succeeding 
years, additions were made to the Niagara works and the produc¬ 
tion of aluminum greatly expanded. With increasing industrial 
development in the Niagara Falls district, and increased power 
costs, the aluminum industry turned towards cheaper power for 
its next requirements. The first two works constructed at 
Niagara have been abandoned and only a third, the most inodern 
plant, is being continued in operation at the present time. 

Charles M. Hall died Dec. 27, 1914, at Daytona, Fla. His 
alma mater, Oberlin College, was the recipient of a gein^rous 
bequest from his estate, as was also Berea College, in which he was 
interested. In fact, Mr. Hall bequeathed the greater part of 
the considerable fortune his patents and business acumen had 
brought him to the cause of education. Capt. Alfred E. Hunt., 
the first president of the company, died Apr. 20, J899. li(' was 
succeeded by Arthur Vining Davis, who since then has guich'd 
the destinies of the Company. In June, 1928, he bocann^ 
Chairman of the Board and Roy A. Hunt, son of Alfred E. Hunt, 
became president of the Aluminum Company of America. 
Another of the pioneers of the aluminum industry was William 
Hoopes, Chief Electrical Engineer of the Aluminum Company 
of America, who died Jan. 9, 1924. Mr. Hoopes developed th(^ 
use of aluminum for the transmission of electric power, and its 
rapid adoption and widespread use for this purpose is largely 
due to his ingenuity and inventiveness. 

On Jan. 1, 1907, The Pittsburgh Reduction (kmipany changed 
its name to Aluminum Company of America. With tlu^ growiJi 
of the company, additional reduction works were constriKdc'd a t 
Massena, N. Y., where power is generated from waUn’ from (li(‘ 
St. Lawrence River; at Badin, N. Ck, in connciction with [i p()W(‘r 
development on the Yadkin River, and at Alcoa, T(‘nn., wlH‘r(‘ 
power is secured from a series of developments, some of which 
are still in course of construction on the Little Temiess('(‘ Hiv(‘r in 
the Great Smoky Mountains. In Canada, a plant was built in 
1901 at Shawinigan Falls, P. Q., on the St. Maurice Riv('r, ami 
a new project was started in 1926 on the Sagiumay Rivc'r, a<- 
Arvida, P. Q. 

Aluminium Limited. 

In 1928, the foreign holdings and interests of the Aluminum 
Company of America had become so extensiv(‘ as to r(‘(|uin‘ a 
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sc^parate organization for their proper development. Accordingly, 
Aluminium Limited, a C'anadian corporation, was formed and 
accpiircKl the various properties of the Aluminum Company of 
America, outside of the United States. Edward K. Davis is 
president of Aluminium Limited. The principal reduction 
works of Aluminium Limited arc in Canada, Norway, and Italy. 
In Canada, the operations arc under the Aluminum Company of 
Canada, Limit{Kl; in Noi'way, the operating companies are the 
Norsk Aluminium (Company and Det Norske Nitridaktiesclskab, 
and in Italy, Alluminio Italiano. 

The Arvida works of Aluminum Company of Canada, Limited 
are located close to the remarkable power developments’ on the 
Saguenay River, the outlet of Lake St. John, which forms a 
natural storage l)asin with an area of 400 square miles and 
receives the run-off of over 30,000 square miles. It is estimated 
that it will stor(^ and make available some 200,000,000,000 cubic 
feet of water. At the present time, about 500,000 horsepower 
is being (hweloped at Isle Maligne and additional developments 
are under consi.ruefion that will bring the total to oyov 1,000,000 
horsepower. Arvida is 24 miles from and conm^ctcHl by rail with 
Port Alfred, P. Q. Wharves are availabk^ for the largest ocean¬ 
going v(‘ssels. (1i(^ap power and transportation were important 
factors in drawing tlu^ industry to this locality. 

* McHridf' lijus (Icscrilx'd liiis iii Chcni. Met. 33, 724, DoccMnlxM*, 
l‘)2{); 34, 7(), I'^'hrunry, 11)27. 
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THE ALUMINUM INDUSTRY IN EUROPE 

By 

Junius D. Epwaeds 
FRANCE 

To Franco belongs the honor of having founded the aluminum 
industry through the work of Henri Sainte-Claire I)(^vill(^ 
Later, when the chemical process was succeeded by th(^ olvc.- 
trochemical process, another Frenchman, Paul Heroult, slian'd 
with Charles M. Hall the honor of discovering the succc^sHfui 
process. Furthermore, the usual ore from which aluminum is 
made, bauxite, takes its name from Les Baux, a small and 
ancient Proven^*ai village, where it was first discovered. TIu^ 
history of the industry in France has, therefore, been of grc^at 
significance. ^ 

Henri Sainte-Claire Deville was born Mar. 18, 1818, at St. 
Thomas in the West Indies. After his father’s death, he weni, to 
France with his brother, (diaries, and studied first at Saint(‘-lhirl)(^ 
and then at Rollin C'ollege. Both l)roth(u*s w('r(^ int('r<‘st(Ml in 
science and achieved fame in that lin(‘ of (‘luk^avor. In 18*18, 
Henri Sainte-Claire Deville received th(‘ degnn^ of Doctor of 
Medicine and Doctor of Scicmce. The iK^xt year, nl- (b(‘ ag(‘ of 
twenty-six Sainte-( daire Deville became D<‘an of Ih'sancon 
University where he also taught ch(‘mistry. In 1 Sfi I, h(‘ ocu^upied 
the chair of chemistry at the Ecole Normak^ Supeiknin'. II. vva,.s 
in the laboratories of this school that inosl of his imj)oi’(.a,n(. 
discoveries were made Shortly after, in 1858 Sainle-(1a,iie 
Deville made the first announcenu'nt of his work on aluminum. 
By substituting sodium for potassium in the r(‘a(;lion wilh 
aluminum chloride, Sainte-(daire Deville mad(' a big a(lvan(^(‘ 
in lowering the cost of producing the moUil, and by substituting 
the double chloride of sodium and aluminum h(‘ nuuk' it possihk' 

’ Idle uiithor is indebted to Louts Mnrlio of L’Alinniiiiuin Fra,n(;ais for 
inu(‘h of the information about the Freiudi nknuinuni industry. 
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to melt and collect the reduced aluminum in the form of solid 
in^ 2 ;ots. The world at large had its first view of aluminum at the 
Paris Exposition of 1855, where Sainte-Claire Deville exhibited 
bars of aluminum made by his process. These bars were exhib¬ 
ited in such a way that visitors could lift them and marvel at 
their lightness. At this stage, aluminum looked like a competitor 
of silver, and it did not go unnoticed that the aluminum exhibit 
was close by that of the crown jewels. Sainte-Cdaire Deville 
followc'd closely the industrial exploitation of his process and in 
his book, FAluminium,” gave to the world the first com¬ 
prehensive treatise on aluminum. Sainte-Cdaire Deville was 
appoinbul a member of the Institute in 1801. He died in 1881 
with no competitor of his process in sight. 

Paul Louis Toussaint lidroult was of tlu' next gemeration, born, 
in 1803, at Thury-Harcourt in the Calvados district. During 
the war of 1870, Paul Heroult stayed with his grandfather in 
London and became familiar with the English language in this 
way. Thr(K^ years later he returned to France to continue his 
studi(^s, Heroult also attended Sainte-Barbe colk^ge and 
exhibitcMi an (^arly interest in natural science, physics, clHunistry, 
and im^chanics. At th(^ age of fifLum he had the opporiainity of 
r(‘ading l)('ville’s book on aluminum. His interest in aluminum 
s('(‘ms to have iH'gim at that time. His int<u’{‘st took ckdinite 
form wlum his fath(u's deatli, in 1885, left him with a small 
tanmny at (hmtilly. Th(^ tannery was provickal with a steam 
(mgin(‘, and with the addition of a small (Iramnu^ dynamo, 
Heroult, was (upiippc'd to exp(‘riment with the (‘k'ct-rolysis of the 
various (compounds of aluminum. After many (efforts, Ileroult’s 
(‘\p(‘rim(uit,s w(‘n‘ erown(‘d wit h succ(‘ss.’ LaUa*, in 1900, Ilei’oidt 
d(‘S(u*ib<‘d the dis{Jov(*ry of his pr()C(‘ss as follows: 

(loiiviiKHMl tliiil it was po.ssihle to produce iilumiiiuin by electrolysis, 
jifbu' uimuu’oiis failures with acpieous solutions, I tried to (k}(U)m[)ose 
tJi(^ fuscul lialidc! salts hy means ol tlu^ c‘l(Ml,ri(^ c-iu’rent-. 

It must 1 h^ ivimmihered that, at that tiimu tlu^ (‘h'ctrical indusl.ry 
was in it,s infancy. Tlu^ higgesst (airhons oik^ could sc'cuia* w(‘r(^ h^ss tJuiii 
r>t) mm. in <li.‘unet,er. The lew crucihh^s availabk^ in {]\(\ lal)orat,nri(‘S 
w<n-(^ ma,(l(^ by turning and hollowing out, a pi(a‘(‘ of i‘(‘t-or(, c.arboii. 
After nuuKU-ous faihir(\s, 1 was much (Uicouraged when, during an (^llort, 
to (^kad-roly/a^ cryoliUu tlu^ iron cathode nudUal and a,llo\v'’e<l the (a)nt,(nits 
of the criKuhle to (iS(!ape. The temperature a,t which 1 was operating 

' Kr. Pal 175,711, Apr. 23, 188(). 
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and the few Bunsen elements I used at that time were not sufficdcni to 
explain the melting of the iron. From an examination of tlie renuiins 
of the cathode, it seemed probable that an alloy had been formed. A 
few days later, having tried to lower the temperature of the electrolyte 
by mixing the double chloride of sodium and aluminum with it, 1 was 



Fig. 7, —Paul Louis Toussaiiit Horoult. 


surprised to find that the carbon anode showed oh\'ious signs of a,ttack, 
I concluded that I was dealing with an oxide who.se nuliiction was 
effected at the expense of the anode. After investigation, I found that 
what I had bought for double chloride was, in reality, alumina resulting 
from the decomposition of the chloride by moisture. From this it was 
but a step to discover the present process used for the manufa,(daire of 
aluminum. This was, nevertheless, difficult to acaaimplish a.nd tlu^ 
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detailed story of the period which followed would be tedious to hear. 
My knowledge of chemistry was limited to what a twenty-three-year 
old student, who had not specialized, could acquire. In view of this 
fact, it is not surprising that, my first patent having been secured, I 
sought aid from among those who were authorities on the subject. 
One of those wh{)m I consulted said, “Aluminum is a metal with limited 
markets and should you sell it for 10 francs or 100 francs per kilo, you 
would not sell one more kilo. Should you make aluminum bronze, 
that would be a different matter, for substantial quantities of the latter 
are used.’^ 

I made sonie encouraging experiments along that line. I laid aside 
tlie production of pure aluminum for a new series of experiments which 
led in 1<SS7 to an addition to my first patent. This addition described 
an electric furnace and process for the continuous production of 
iiluminum alloys by electricity and in general for the production of 
substances difficult to melt or reduce. 

Hdroult, with the aid of friends, continued his experimental 
work at Gentilly. He now had a dynamo built by Breguet for 
a current of 400 amperes at 30 volts, which was a very powerful^ 
machine for that time, and by its use lieroult was able to experi¬ 
ment on a much larger scale. However, Hcroult was not able 
to secun^ in France the support necessary for the commercial 
exploitation of his process, and in 1887 he went to Switzerland, 
where he opened negotiations with Naville and Tliiber. This 
led to the founding of the company, Aluminium Industrie, at 
Nc'uhausen. They first undertook the commercialization of 
Hdroult’s alloy process, which involved the electrolysis of fus('(l 
alumina in the pr(^s('nc(^ of a cathode of inolbm copper, with th(‘ 
})r()(luetlon of a,n aluminum-copper alloy, aluminmn bronz(‘. 
S('V(u\‘il y('a,rs lat(u*, with the coop(‘ration of Kiliani, th(' i)ro- 
diielion of pure aluminum was begun at Neuhauscm. 

Th(‘ succ(’ss of the lieroult proc('ss at Ncnihauscm attract.c'd 
th(‘ atlxmtlon of Fnmch (capitalists and \v.d to the founding of 
th(‘ first Fnmch (‘.om})any lor the operation of th(‘ Ihh'oult. 
pro(H‘ss, This compa-ny was nanu'd Socidth ]h(adrometnl- 
lurghpK' Fra,n(;ais(‘, or as it. was commonly known, Soci('te (1{‘ 
Fr()g(‘s, talking it.s nanu' from the first hydnM'kudric plant built 
by this e,()mpany at- I^'rogx's in the lsen‘ Yalk'y, luair Cinmoblc'. 

In May, 1889, H(h‘oult. to the UniUul Stab's with the 

i(l(‘a of st.arllng op(‘rati()n of his alloy [)ro(;('ss. FjXpi'rinumtal 
work wa,s uink'rtaken at BridgejHj? (., (k.mn., but owing to a 
short circuit which burned out tlu^ only available dynamo, it 
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became necessary to discontinue the work and it was not la(-(‘r 
resumed. Upon his return to France, Heroult devoted all his 
energies to the commercialization of his process at the Frog(\s 
works and later, in 1893, he was interested in the construction 
of the Praz works. At the Praz hydro-electric plant it became^ 
necessary to cross the River Arc with a large penstock carrying 
water to the turbines. Heroult conceived the idea of building 
the penstock in the form of an arch over the river without a,ny 
additional supporting structure. This was a daring pieces of 
engineering at that time, but it proved sound in theory and 
practice and has since become common practice. 

Heroult did not confine his genius to the aluminum industry, 
but beginning in 1900 devoted much of his time to the electro¬ 
metallurgy of iron and steel. He made frequent trips abroad 
and seemed particularly at home in America, where his command 
of the English language stood him in good stead. H(^ wa,s 
directly interested in the Badin aluminum works which th(‘ 
Southern Aluminum Company started at Whitney, N. 
Heroult died in 1914, only three months before the outbre^ak 
of the World War. It is of interest to note that both Hall a,n(i 
Heroult were twenty-three years old at the time they discov(a’(ul 
the Hall-Heroult process of producing aluminum. 

There are now only two companies producing aluminum in 
France, but they have resulted from the combination and 
merging of a number of companies which have had an int('r(‘sting 
history. The first of these companies is known as (I(‘ d(‘ Prodiiits 
Chimiques et Electrometallurgiques Alais, Frogos (‘t ('anuirgiK', 
or as it is sometimes briefly called, ''Ck)mpagnie A. F. Its 
history dates back to January, 1885, wIkui llo.nry Merk^ foumkal 
the joint stock company, ^^Henry Miule et CJe,” for th(‘ pro¬ 
duction of soda and other chemical products at Salindn's, not 
far from the town of Alais or Ales (Department of Card). JJiis 
field of activity was soon enlarged and a sources of salt, wa-s 
acquired in the salt pools of the C'amargue. Wlam th(‘ (H)mpa.ny 
was reorganized in 1855, it took the name, “(fle d(‘ Produits 
Chimiques d’Alais et dc la C^amargue,’’ sonudimes abhivviated 
as ^'Compagnie Alais.^^ The progressives policie^s of Hemry 
Merle brought to the company tlie assistance^ of su(4i we‘ll-kne)\vn 
men as Balard, J. B. Dumas, Walteu* We‘lde)n, Sir Janie\s De^war, 
Prof. Lunge, of Zurich, and Henri Sainte^-Claire' Dewille^. 
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It was with the cooperation of Sainte-Claire Deville that the 
Salindres plant was equipped for the first real industrial reduction 
of aluminum by the chemical method. Production on a small 
scale was maintained here for more than 30 years—until the 
eleci-rochemical process took the field in 1889. In 1887, M. 
Pechiney became managing din^ctor, and it was under his 
managenumt that the Minet eh^ctrochemical works at Calypso 
wen^ acquired. In 1900, th(i St. Jean de Maurienne works were 
erected and were completed in 1912 by the addition of tlie 
Pontamafrey power house. In 1914, the companies' production 
was increased by merger with the Societe dcs Produits Electro- 
chimi(iu(\s et Mdtallurgiques des Pyr6n6cs, and, in 1916, by 
Socidte d('S Forces Motrices et Usines de I'Arve. 

Pile Hocidtd des Forceps Motrices et Usines de I'Arve was 
founded in 1895 and developed its first hydro-electric power at 
th(^ (diedde fall on the Arvo river. The power was first employed 
in the inaniifacture of alkali chlorates and it was not until 1906 
that th(^ production of aluminum was undertaken. In 1916, 
it was merged with the Ckimpagnie Alais, as just mentioned. 

Ph(‘ Societe d(*s Produit-s Flectrochimicpies et Metallurgiques 
des l\yrene(‘s was found(‘d in 1906 by the same group as the 
pr(X!(‘ding company. TIk^ power canu^ from a 40()-meter fall at 
Auzat in tlu^ Ariege (k'partnu'iit and aluminum was produced 
from ilu' stai*t. In 1914, tli(^ Auzat works were also purchased by 
(-oinpagni(‘ Alais. 

At this point, tlu^ story must go back to the founding of Societe 
l*]l(‘(*.troinetallurgi(iu(‘ Fra,neai's(‘ (Froges) in IS8<S. Phis com¬ 
pany pur(4ia,s(Hl th(‘ palmds for the lleroult, proc('ss from 

Aluminium Indus!ri(', N<nihaus(m, and pn'panal to start th<‘ 
('1(‘(4 ro(‘h(Mnie.al production of aluminum in Pranc(\ Pin* first- 
installat ion wa,s ma-d(‘at- Frogi's in the Iserc' I )('j)artm(‘nt-, a,nd t his 
was th(‘ first- (F'cfronud-allurgical plant in f'ranc('. Soon t-lu' 
a-va,ilabl(‘ (uiergy, which was only a f(‘W hundnal hors(q)ow(‘r, 
l)(‘cain(‘ insuf!i(a('nt- for tlu'ir ikhhIs and th(\y Ix^gan t-o look for 
additional pow(‘r in th(‘ high valk'ys of t,h(‘ Ali)s. Plu' lU'xt 
insta,!lat ion was at Fa. Praz on tlu‘ Arc riv(‘r, m'ar Modaiu' (Savoi{d. 
At. about t h{‘ sauH't inn^, t h<^ alumina works at(la,rdann(‘ {Bouch<‘s- 
du-Rhbn(') was puiathasi'd. It. is of int.(‘r(‘st. t.o not.(" that. Ilei’oult, 
(‘arri(‘d out his work on t-h(‘ (Fnh roimdallurgy of J^f c(‘l at. t h(‘ 
La, Pra,z pla.nt . In 1903, a.not,Inn* plantwas built at. i^a Saussaz, 
St,. Miclu'l dll Ma.uri(‘nn(\ Again, in 1910, tlui largest and 
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Fig, 8.’ —^Location in France and Spain of aluminum nMiucduou wurka (#j and 
alumina works (■). 


Aluniiimin Reduction Works 

Gompagriie de Prtiduits Chimiquea et 
J*kectrora6tallurgi(iue8 Alais, Froges 
et Camargue 


d’Electrochimie, d’Electromf"- 
tallurgie et des Aci6rie8 Kleotriques 
d'Ugine 

Aluininio Espanol, 8. A. 

((Jwned by Compagnie A. F. C. and 
Ahiminiinn Indiiatrie, A.-Cl.) 


1, Tia Praz, (Savoio), Fraiua? 

2. CalypHo, (Savoio) 

8. St. Jean do Manrionno, (SavouO 

4. L'Argentu'ire-la-PaHH^e, (llantoH-Miioa) 

5. Cliodde, (11 auto-Savoie) 

(>. Auzat (Arif'^ge) 

7. BeynVle, (IlautoH-PyRuiOH) 

S. La Sanawaz at St. Mioliol do Maiiriotino 
0. H.ioup^'iroux, (l.sArcO 

10. St. Allban, (HaHSOH-AlpoH) 

11. IVunont St. Miohol, (St. Mioliol do 
Maurienno-Savoio tin the Arc) 

12. fjGrt Clavaux, (Isoro, on tlio ItonianolnO 
18. Verithon, (Haiito-Savoio) 

lU. Sabafiaiiigo, (lIiu'Hoa), Spain 
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most important aluminum producinja; works in France were erected 
at FArgentiere (Hautes-Alpes) on the Durance river. 

In 1921, the Compagnic des Produits (diimiques d'Alais et de 
la Camargue, whose history has already been described, merged 
with the Socioto Elcctrometallurgiqu(3 Frangaise and the new 
company became known as “Coinpagnie des Produits Chimiques 
(‘t Elcctrometallurgiques Alais, Frog(\s et C'arnarguc,^’ or, to 
abbreviate, ^‘Compagnic A. F. At the present time, this 

company, togxd.her with tlie S()ciete (FFIectrochimie, ddOh'C- 
trometallurgie et d(‘s Acidries Eh^driepK^s (FUgine, an' the oidy 
producers of aluminum in France. Wince the World War, 
('ompagnie A. F. has mad(^ every effort to modernize their 
(?xtensiv(' plants and ac(]uir(' lU'w production. In 1924, in agree¬ 
ment with the Societe (Fl^]l('ctrochinii(^, aluminum works were 
instalkul at Beyre<le (Pyrdnees) on the Neste river. In 1925, the 
Rioupdroux works on the Romanche river was secured by lease 
and aluminum reduction works instalk^l the next year. During 
192(), ihv Saint Auban works were being built for the production 
of aluminum. Power for this works will b(^ secured from th(^ 
Poet fall on tlu^ Durance riv('r. Additional hydro-('l('ctric works 
an^ ix'ing instalk'd in the Pyrdnd('s at Sabart falls, and at tlu' falls 
of Bomu^ ('t Drac in th(^ Alps, as wc'll as tlu' St. Guilhentu' fall on 
the Ronuinelu' riv('r. 

Ph(' Soe-idtd d h]lectrochimi(', (khdcuhroindiallurgic' (‘1. (k's 
Acidri('s Ek'ctricnu'S (FUgiiu^ is tlu^ otlu'r orgjuiization })rodu{ung 
aluminum in h'rance and, lik(^ (nmpagnic' A, V. U., was fornu'd 
by lh(‘ UH'rging and al)Sor])ti()n of S('V('raI dillVn'nt eompani('s. 
Ph(' S()(adt('' (rEl('(4i*oc.hinii(' wn,s foniH'd on Aug. 2, bSSP, for tlu' 
pur[)os(' of producing and s(‘lling (Idorat(‘s and otlu'r ('k'dro- 
ch('mi(^al produels. Plu' smaa'ssivc' combination of I Ik' Socidtd 
(TEk'd ro(Iiimi(', la V'olla, Soddtd (k's (Iirbun's Mdtalli(pi('s, 
Soddld Ek'di‘omdtaJlurgi(|U(‘ du GilTu', and, in 1922, tlu' itK'rging 
with th(' Addri('s Ek‘d,ri(jU('s Paul Girod d’UgiiK', ha,v(' r('sult(‘d 
in (h(‘ formation of llu' pn'Si'iit Soddtd (FlOEdrochimi(', (rEI(‘(*- 
1 romdtaJlurgi(' ('(. d('s Addric's Ek'dritpu's d’UgiiH'. Phis (!om- 


Aliunin.-i W’ork.s 


0(jin|)H{.',iii<‘ «lc* l*rii<luiO. (’liiiiii(iu(‘H «‘t 
Mh'Orumi'tiillufffwiiK'H \huM, KrofJiOH (*(. 
(kiiiiiirjLMH* 

S<)(‘i('‘tr d' lU(*ct,r<){*hitni(‘, (riOlectrDriiotiil- 
lurjfic (d. (I’Uf-diu' 

S(»cir*t<'* I’'r}ini;iiiMc pour L’1 luluMlrui dti 
1/Ahimiuiuiu 

(OvvtuMi hy Aluiiiiiiiiitii Industrie!, A. Oj 


11. St \ui'!ui, ( e;i.s.s(‘s-Alp(*.sJ, l''r;uuu‘ 
15. Sidmdre'.s, (.Onrd) 

1(1. OurduniK! ( Houclujs-du-lUidtio) 

17. La Har.‘i,s.s(*, (Boiicluw-du-HhAtK*) 

IS. St. Louin h*H .\yfj:!iylade.s, (H()uc1io,N' 
du-Iihdri(!) 
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pany possesses a number of hydro-electric plants, which for t.h(^ 
most part are located in the French Alps in the Isere, Arc, Arly, 
and Romanche valleys, and it is engaged in general (‘h'ctro- 
chemical, electrothermic, and electrometallurgical operations in 
18 large works which secure their power from 23 power hous(‘s. 
Aluminum is produced at Fremont, Les CUavaux, and Ventkon. 
Alumina is secured from the works at La Barass(\ 

In addition to the producing companies in Franc(^, whos(‘ 
histories have just been outlined, there is a selling organization 
known as ^^L^Aluminium Frangais,^’ founded in 1911, whi(^h 
represents Compagnie A. F. C. and the Societe d’J^llectrochiniic', 
d^Electrometallurgie d^Ugine. In addition to being tlu^ scdiing 
branch for both producing organizations, L’Aluminium Frangais 
is also engaged in the fabrication of aluminum and light alloys in 
wrought forms, such as rolled sheet, wire bars, plat(\s, i^ubing, 
and molding, and carries on in its laboratories iiiv(‘stigalIons on 
the uses and industrial applications of aluminum and its alloys. 

The ‘‘Aluminium du Sud-Ouest’^ was formed in 19()() with th(' 
object of manufacturing aluminum, and built a power plant al^ 
Beyr^de on the River Neste. At the present time, the pow(‘i* is 
sold to Compagnie A. F. C. and, with power from anotlaa* plant, is 
used in the production of aluminum at the Beyrodc' works. Tli(‘ 
majority of this company’s stock is now owned by L’Aluminiiim 
Frangais. 

Electro-Metallurgie du Sud-Est was forimui in 19()() for th(‘ 
manufacture of ahiminum and built a plant at Vi'idlioii (Ha,voy 
district) for this purpose. This company was a subsidiary of 
Aluminium du Sud-Ouest. The plant was laUn* sold to lh(‘ 
Societe Paul Girod, and belongs at pr(‘S(mt to th(‘ Societe (TEhM*,- 
trochimic, d’Electrom(Hallurgie et d(\s Acieri(‘s Ek'ctricpK's 
d’Ugine, which is going to make aluminum tluax'. 

In addition to its French production, C'ompagnit^ A. V. (k is 
interested in Det Norske Nitridaktieselskab, with works a,t 
Eydehavn and Tyssedal, Norway. 

It would not do to leave th(‘ history of (in' I^VcMich aliimimiin 
industry without saying something about Adikm Ihidin, who 
was so intimately identifi(‘d with its progu'ss. Adtk'ii Badin, 
born in 1873, graduated from the Fcole des J\Iin(‘s d(‘ St. Elkmiu'. 
After seven years’ experience as a professor at Fcol(‘ d(‘s Mailivs 
Mineurs d’Alais, he became engineer at the Salindn's works a,nd 
was chosen by M. Pechiney as his assistant. H(‘ took an a(!tiv(‘ 
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part in the, business affairs of Compagnio Alais and when M. 
Pechiney retired, in 1907, Badin was appointed general manager, 
a position which he held until 1914, when he became a member of 
the board and managing director. 

Few branches of the industry remained unfamiliar to Badin, 
but most of his time and energy were given to the aluminum 
industry. Wit-h keen foresight he discerned its great future and, 
with bold confid(mce, 1 (h 1 his company ahead. Und(‘r the leader¬ 
ship of Badin, tlu^ company constantly increased its facilities. As 
early as 1902 the plant of St. Felix was purchased, and h(^ 
imdc'rtook the ('quipment of the works at the (Calypso fall, which 
were complet'd in 1905. Jn 1907, the important St. Jean de 
Mauri(mn(^ works were put in operation, their power requirements 
being compl(d;(Hl in 1912 by tlie hydro-electric plant at Pontama- 
fr(\y. As soon as the works were complete, Badin began nego- 
ihitions resulting in the merger of the Societe FJc^ctrochimique 
(‘t I^]l('cir()metallurgi(iue dcs Pyrenees and of the Societe des 
Force's M()lri(!(‘s vi Usines de FArve, bringing into his organiza¬ 
tion th(' Auzat, CheMlde' a,nd Fpierre plants. 

I^adirds cn'ative' activity did not stop with th(‘ rapid expansion 
of th(' Fremch prodmuiig works, ])ut he conceived the extensive 
works of tb(‘ Souib(‘rn Aluminum (V)mpany, the construction 
of which was startl'd ne'ar Whit-ney, N. (k, in 1914. The out- 
bi‘(‘a,k of th(' World War preventxal tJie carrying out of his plans, 
how(‘V(‘r, and tlu' company’s holdings w(‘r(‘ sold to Aluminum 
( ompany of America in 1915. Th<' town built- in coniu'ct-ion 
with this works was iuuikmI Badin a t.ribut-(‘ to tlu' man who 
(\st-a,blish<*d il. During tlu' World War a,nd until h(‘ di('d in 
1917, Radio de'voteal all of his (uu'rgie^s toward ima-e^asing the' 
r're'iH'li production of n(‘C(‘ssary war mat(‘rials. 

GREAT BRITAIN 

Sir IImn|)hr(‘v Da.vy, a,s ('a-rly a-s IS()7, carri(‘d out- a serie's of 
(‘xpeu’iments de-sigiu'd to s(q)a,ra,t(* the' ni(‘talli(‘ base' of alumina.' 
The' e‘le‘e*l rolyl ie* me*t hoeI lie' ha-el so suce^e'ssfidly e‘mple)ye'<l in 
the' })re‘pa,i’a-t ie)n e)f se)elium a-nel {)e)ta-ssium elid not yieJel me'tallie'- 
aJiimininn in a. Idrm whie^h he' e*-e)idel isolate' anel iele'nt-ify. 4'he' 
lii’st spe'caine'n of aluminum j)roeluc('el in Fnglanel was exhib- 

' 'rii(‘ luithor is iii(l('l)t(ul to W. Murray Morrison of Tlu' British Aluiui- 
niiiin (ompany for much of th(^ iiiforma-t-iou about tlu' aluminum industry 
in (Ji’cat Britain. 
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itod by Dick and Smith on Mar. 30, 1855, at one of the r'riday 
evening meetings of the Royal Institution. Working under th(‘ 
supervision of Dr. Percy, they showed that aluminum could Ix' 
produced by reducing cryolite with metallic sodium. 

_ The first commercial production of aluminum in England was 
undertaken by F. W. Gerhard at Battersea, London, when' th(‘ 
Deville process was employed. These works were closed about 
1863. With the cooperation of Sainte-Clairo ]3eville, Bell 
Brothers established an aluminum works at Washington, iK^ar 
Newcastle-on-Tyne, England. Aluminum was produced her(' 
from 1860 to 1874. The Deville process was operated with 
increasing success in England until displaced by the Plall-Heron It 
electrolytic process. The Deville process reached its higlu^sl- 
development and made its last stand in England. 

The Aluminium Crown Metal Company of Birminghaiti, 
England, operated the Deville process in 1881 and 1882. Tlu'y 
held the rights to a new process of James Webster for the pi*()du(i~ 
tion of aluminum chloride, but it is not clear how successful i( 
was. Nevertheless, this company was merged with the Alumi¬ 
nium Company, Limited, in 1887 and plans made to prodiux' 
aluminum with the aid of cheap sodium produced by C'asl-tu'r’s 
process. A plant was constructed at Oldbury, near Binningliam, 
and operations were started in July, 1888. In 3 years’ ()p('ration 
some 250,000 pounds of aluminum were produced and (Ju' pri(X' 
reduced to 15 shillings per pound. The developnu'nl. of IIh' vlov.- 
trolytic process was so rapid, however, that by 1801 th(' Oldbury 
works ceased operations. 

The modern aluminum industry in Great Britain (lat('s from 
the formation of The British Aluminium Company, Jjimib'd, on 
May 7, 1894, Prior to this, aluminum was inad(‘ at- th(' works 
of the Cbwles Syndicate at Milton, Stoke-on-Trent, Staffor(lshir(', 
England, beginning in 1890, but the works clos('{l in 1893. Woi‘ks 
were also started in July, 1890, at Patricoft, Lancashitv, to 
operate Hall’s electrolytic process, but this plant nJso e-(‘as<'(i 
operations in 1894. The Heroult patent cov('ring th(‘ (4('ct,rolysis 
of alumina in fused cryolite was granted Apr. 27, 1888, in ( hviil 
Britain.^ The British Aluminium Company acquin'd tlu' British 
and Colonial rights to the Heroult patents from th(‘ Sociel/' 
Anonyme pour ITndustrie de rAluniinium, Neuhausen, Swil.z('r- 
land. The British Company also purchased th(' pal,(‘nt,s of 

^ Patent 7,426 (1887) granted Apr. 27, 1888. 
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K. J. Bayor for the production of aliuniiui. With pos.s(‘Ssion of 
the Hdroult and Bayer patents, The British Aluminiiiin (5()iui)any 
clearly dominated the situation in Great Britain. 

The first works built by the British Aluminium Company us(mI 
hydro-electric power and were located at Foyers, Invenuvss- 
Shire, Scotland, and the production of aluminum was startcul 
there in June, 1896. The next hydro-electric developuHuit- of 
this company was at Kinlochleven, Argyllshire, Scotland. Tlu^ 
production of aluminum was started in a temporary factory in 
December, 1907, and a permanent plant was put into op(u*ati()ii 
in February, 1909. 

With cheap electric power a prime consideration in the pro¬ 
duction of aluminum, the British Aluminium Company next 
turned its attention to Norway. Near the end of 1907, iBo 
British Aluminium Company acquired a partly developcHl wat(‘r- 
power project at Stangfjord on the west coast of Norway, about 
one hundred miles north of Bergen, through purchase of the Ak ti(‘- 
selskapet Stangfjordens Elektrokemiske Fabrikcr. Production of 
aluminum was started at this plant in January, 1908. Additional 
production was secured in July, 1912, through purchas(i of anotluu* 
Norwegian company named Aktieselskapet Vigelands Brug wit.h 
works at Vigelands, near Kristianssand, South Norway. In 
January, 1923, the British Company still further inen^ased tJi(‘ir 
Norwegian production by acquiring a one-third int(u*ost in I)(‘t 
Norske Nitrid, A./S. 

At the present time, the British Aluminium Company is (uiljirg- 
ing its operations in Scotland. A large wat('rpow(‘r (I(‘V(‘Iopm(‘n(, 
was acquired in 1921 at Lochaber, Inverness-Shire, S(U)Mjin(I. 
The hydro-electric development is now in courses of construel ion 
by a subsidiary named Lochaber Power (k)mpany and, wlam 
completed, the production of aluminum will b(^ canF'd out. at. 
Fort William by another subsidiary. The North Jhltish Alu¬ 
minium Company, Limited. 

The British Aluminium Company’s first alumina plant, was 
put into operation in the spring of 1896 at Lariu' Harbour, 
County Antrim, Ireland. The company had ac(iuir(ul (^\i(‘nsiv(^ 
bauxite deposits in County Antrim and it was plann(‘d t,o us(' 
this ore for the production of alumina. After s(weral months’ 
operation, however, its quality was found to be such tliat, it, was 
uneconomical to continue its use and, beginning in 1897, Fnuu^Ii 
bauxite was imported. In 1913, a second alumina works was 
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started at Burnt Island, Fifeshire, Scotland. Owing to the 
delays occasioned by the World War, it was not until October, 
1917, that this plant reached the production stage. 

Carbon electrodes were produced at a plant in Greenock, 
Scotland, from 1896 until 1910. Production was then carried 
on at a new carbon electrode plant at Kinlochleven, Argyllshire, 
Scotland. 

In April, 1907, another British company, the Aluminium 
Corporation, Limited, was founded for the purpose of producing 
aluminum in North Wales. In order to secure production as 
quickly as possible, temporary works using steam power were 
erected by the corporation at Wallsend-on-Tync, England. 
When the company’s works were completed and put into oper¬ 
ation at Dolgarrog, North Wales, towards the end of 1908, 
operations were discontinued at Wallsend-on-Tyne. After 
only 2 months’ operation, the company met with financial 
difficulties and operations ceased. At the beginning of 1910, 
the company was reorganized and the Dolgarrog works reopened 
and have continued production on a small scale to date. The 
Aluminium (V)rporation secures its alumina from a plant at 
Hebburn-on-Tyne, England, The International Aluminium 
('ompany, Limited. The Aluminium Corporation is also 
l)roducing aluminum at Glomfjord, Norway, by its subsidiary, 
A/S Haugvik Smcltevcrk. 


GERMANY 

The aluminum industry owes much to the efforts of Gorman 
sciemtisis, nol.aLly W(’)hl(‘r and Hunsem.* It was only nanmily, 
h()W('V('r, that, any substantial production of aluminum has been 
un(l('rt-ak(m in Germany, Aluminium Industrie', A.-G., N(hi- 
haus('n, constructed a small plant at H,heinfeld('n, (h'rmany, 
in 1897, but. it-s yc'arly ])ro(lucti()n of about 800 nu'tric t.ons was 
only a fra-ct.ion of t.lu' annual donu^stic r(‘(|uir('m('nt. Tlu^ 
st.at ist.icaJ i){)sition of aluminum, as well as lack of duaip ('h'ctric 
])()W('r, did not ('ncourag(' any effort to start donu^stic production. 
Th(' out bnaik of tlu' World War in 1911 chang('d tlu' situation 
almost. ov(‘r night,. Shut off from tlu' rest of t in* world, (L'rmany 
was fa,c,(‘d with t.lu' probh'in of producing an ad('(juat.(' supply 

' jiulhor is iii(l(l)(.('{l (o lOrnst Hiuicii of Veu-einigto Ahinviiiiuin- 
Worko A.-(l. for nuidi of Iho infornuiiion a.l)oui t.lic (J(‘nnan aluminum 
industry. 
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of aluminum within its own borders. Aluminum was needed, 
not only for extensive military applications, but likewise for 
domestic uses. The available supply of copper was strictly 
limited and aluminum came to be used in its place wherever 
possible. 

The Chemische Fabrik Griesheim Elektron in association 
with Metallbank und Metallurgische Gesellschaft uiKk^ri.ook 
the construction of three aluminum reduction works whicli 
were to have an annual capacity of 6,000 metric tons of 
aluminum. 

The first of these reduction works was constructed at Rumniels- 
burg, near Berlin, and was put into operation in Deceml^er, 
1915. Current was obtained from a near-by steam power plant 
already in operation. The Rummelsburg works was only 
designed as a war plant; however, it not only produced the 800 
tons per month for which it was planned, but sonui 15 to 20 
per cent more. At the close of the war, the Rummelsburg 
works were closed and dismantled. 

The second plant was started at Horrem in January, 1916, 
with power from the Rheinische Electricitatswerke. Although 
designed for a capacity of 200 tons per month, production ran as 
high as 250 tons monthly. The Horrem plant was closed in 
1920 because of the power situation and because the Lautaw(U‘k 
had meanwhile come into production. 

The third war-time plant was erected at Bitt(u*feld and 
secured current from the power plant of Chemisch(^ I^^abrik 
Griesheim Elektron. The Bitterfeld works started operations 
in April, 1916, with an annual capacity of 3,000 tons and has 
operated continuously since that time. 

Although these three works, designed for a production of 
9,000 tons annually, were producing up to a rate of 12,000 tons 
per year, nevertheless, the supply of aluminum was (fuite inad(‘- 
quate, and additional works were designed and built with th(' 
cooperation of the government. Vereinigte Aluminium-W(‘rk(‘ 
Aktiengesellschaft was formed on Apr. 21, 1917, witli a capi(,al 
of 50,000,000 marks. Half of the capital was subscribed by 
Griesheim Elektron and IMetallbank, who brought into the lu^w 
organization the plants at Rummelsburg, Horrem, and Bitbudeld. 
Thv { h)V(‘rnment supplied tlu' other half and advanced additional 
large sums for th(‘ construction of the new jilants. In addition 
to th(' I eduction works, it was now nec(‘ssarv to build new plants 
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for the production of alumina, as well as a power plant for the 
electrical supply. In order to secure cheap fuel, the plants were 
located in the lignite district of Germany. 

The first and largest of these plants was located in the district 
of Lausitz, near the town of Lauta, from which it took the name, 
^^Laiitawerk.” A large tract of land, 1,200 acres in extent, was 
purchased and construction started in May, 1917. A steam 
power plant was erected which received its fuel from the nearby 
Mrika mine of Use Bc'rgbau, A.-G. Thn^e turbines of IG,000- 
kilovolt-ampere capacity (‘nch and one of 18,000-kilovolt- 
ampere capacity furnished the necessary current, which, by 
means of rotary converters, was supplied to th(^ reduction pots 
at 550 volts. Three pot rooms with a total capacity of 1,000 
tons a month were construct(Kl but only two were put into 
operation. 

The plant for the production of alumina was designed with a 
capacity of 8,000 tons pov month. liungarian bauxite from the 
Bihar mountains was the chief sources of ore. The bauxites 
was Inurted with soda ash in a rotary kiln; the product was 
ground, leacluHl, filtered, and the alumina pn'cipitated from the 
filtrate by agitating and cooling in the pr('senc(‘ of a s(^ed charge 
(Bayer method). The residual licjiior was tlum carbonated to 
remov(i the remaining alumina and tlui soda ash was r(ux)vered 
for th(^ iK'xt cycle, 

Tlu' oilier plant, known as kh’ftw(‘rk,” was locat('d at. Gnwen- 
broich (NiecUnTluhn) and was built by ih(' gov(‘rnm(m(. in 
C()op('ral ion witli Giulini Broth(‘rs find Hh(Mnisch(‘-\V{‘stffilisch(‘s 
Ml(‘ci.ricihU.sw(‘rk. A cfirbon (‘hadrodc* phini. wfis built in 
coniH'ctlon with lOrftAvcu'k. St.(‘fim powan* |)ro(lu(^(‘(l from lignite* 
was us(mI for geiuTating curnmt for both Jjautn.w('rk find 
hrftwcM'k. 

In 1919, Griesheim Elektron and Mcd.fillbank retirc'd from the 
V('r(Mnigt.e Ahiminium-W(‘rke A.-G. find took ovvy th(‘ o])('nition 
of th(‘ Bitt(‘rf(dd jilfuit., which is opcn-fitod luuk'i* tlu‘ (uimpfiuy 
nam(‘ of Ahiminiiimw(*rk G. m. b. II., Bitt(‘rf<‘ld. TIk' lirflw(‘rk 
(lum cam(‘ into th(‘ (^\clusiv{j possession of Vi'ndnigu' Aluminiiuu- 
W('rke A.-G. 

Innw(U‘ke Akti(mgesellschaft was foumhal in 1917 by tlie 
Allgeuunm^ hhektrizitats-Gescdlscluift., tlH‘ Siemums Schuck(‘rt- 
werke, Giulini Brotluu's, the German Govcu’nuHmt., find the 
State of Bfivfirifi Power for this jilant ennu' from a hydro- 
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Vereiniste Aluminium-Werke, A -G 
Innwerk, Bayeriache Aluminium, A.-G 
hrftwerk, A.-G. 

(C)wned by UeicliHwerke, lierliii) 
Aluminium-Werk, G.m h II 

((hyned by MehillKeselLsriiaft, A.-CJ, and 
I. G. I-arbenindu.striu, Frankfurt) 

A uminium nduatrio, A.-G. (Neuliausm.) 
A umimum Indu.strie, A.-G. (Neuhau.sen) 
Aluminn-mwerke Stees 

(Controlled by Stern und Hafferl) 


Lautawerk, r.au.sitz, Germany 
Innwerk, ’jy»}i;in;j:, ()berl)av(‘rn, (!(*rmanv 
Grev('nbr()icli, Nit*(l(M*rlieiii, (}(‘rmany 

Hitterf(d(l, (I<*rmany 


HlieinfeUIen, Hadeii, (leriminy 
lamd-Cja,st(Mn, \u.M(ria 
Gmunden, Au.stria 


Alumina ^^'()^ks 

VereiniKte Aluminiiim-Werke, A.-G 0 ^ 

lonerdewerke Curtius, G.m.b.H. 7 * 

(Owned by Det Norske Nitrldak- 
ti6Helskat>} 


Germany 
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electric development on the River Inn at Toging in Upper 
Bavaria; about 60,000 horsepower is available for the production 
of aluminum. Production was started in January, 1925. At 
the present time, the aluminum works belongs to Vereinigto 
Alurniniumwerke and the hydro-electric power plant is the 
property of Vereinigto Industrie-Unternehmungen A.-G. (VIAG) 
and the Bavarian State. Vereinigte Aluminium-Werke A.-G. 
now owns and operates three works, namely, Lautawerk, Erft- 
werk, and innwen'ke. These three plants, together with the 
Bitt('rfeld worlcs (without counting the small Rheinfelden 
works), give Germany a domestic pi*oduction of about 30,000 
tons annually. With the exception of Innwerke and the small 
Rlieinfelclen works, the German reduction works employ current 
generated by st(^am power. This condition is the result of lack 
of many large waterpower developments and the availability 
of (;h('ap brown coaU' or lignite. It is quite in contrast, how- 
:‘V{‘r, with the rc'diiction works of all other countries, which 
:nnploy hydro-electric power. 

SWITZERLAND 

Neuliaus(m, Switzc'rland, at the Rhine Falls, might well be 
ailed the “nurs(‘ry” of the modern European aluminum indus- 
Iry.' J. G. N('h('r Hons, of Neuhausen, had becm (mgaged in 
h(' iron and si('('l industry since 1810. Menaccul more and 
non' by foreign compc'tition, they w('Te s('eking for a lu'w 
tulusi.ry which could use efficiently th(‘ wateri)ower availahh^ 
‘rom th(' I^aJls of the RhiiK', Tlu' nianufaetun' of ahmiinuin 
tj)|)('a,r('d to th('in i.o b(' an ('k'chroiiH'tallurgicjal proc(\ss of 
',onsid('r{il)l(' proinis(‘ and one nu'C'ting t-lu'ir lu'c'ds. In 1886, 
h('y ('X})('riin(‘nt('d with th(' pnx^c'ss of IvkhiK'r, of Zurich, whicih 
nvolvi'd the ('k'ctrolysis of cryolite, but it was not found 
)ractical)l('. 

II was in this sanu^ year, 1886, that Paul L. T. H6roult, a 
a)ung hVeiuih nu'tallurgist, applied for patents on his proeexss 

‘ Bloch iuul St(‘ck, of tlu^ Aluininiuni Itidustric^ Akti(Mig(‘S(‘llscha.ft iil 
\h‘uhn,tis(‘ti, hjLV(* kindly .suj)pli<ul iioinv d(*(jiils of |}»(^ cjirly 

istory of t h(‘ N(*uh?uis(Mi i)r()j(‘cl,, jind It. is hir^’chy upon I heir iurorni.'it.iou 
lull 1 his accounl is i)n.s(‘d. 


'oiicnUiwtirkc (luldHclutjicMlcn 
(Owikk! l)y Aliinuiiiuni IiiduHtrie, A.-Cl.) 
'<)iuT(l(!W(^rk MartiiiHWcrk (l.in.h.II. 
‘onorclewerk (Icbr. (liiiliiii Cl.in.b.II. 


S Hrc.'^lau, (lanuaiiy 

U HiM'fiilicim, HIuMiilaiid, (lerinany 
II). laidwigHhafan, (Inrmany 
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of electrolyzing alumina dissolved in molten cryolite. Ho 
tried to interest various French manufacturers in his procc^ss, 
but without success. One of those approached was M. P<5chin(‘y, 
who was then engaged in making aluminum by the Devill(^ 
chemical process at Salindres. Pechiney advised Herouli- 
against attempting to manufacture pure aluminum and told 
him that there was more profit to be obtained in the manufacture' 
of aluminum alloys, especially aluminum-bronze. H6roult then 
developed a process of making aluminum-bronze, for which h(^ 
obtained an additional patent in 1887. This process, which 
has already been described, contemplated the electrolysis of 
fused alumina with a molten copper cathode and the absorption 
of the aluminum by the molten cathode to form aluminum- 
bronze. The electrolyte and copper cathode were maintained 
molten by the heat of the electrolyzing current. 

In May, 1887, Heroult began negotiations with tlu^ repr(*- 
sentatives of J. G. Neher Sons and, on the twenty-sixth of 
August the same year, an agreement was reached to try out his 
alloy process at Neuhausen. The experiments were successful 
and, on the thirty-first of October, with the financial cooperation 
of other Swiss interevsts, the Schweizerische Metallurgisch(^ 
Gesellschaft was founded. The company took over Heroult’s 
patent rights for all countries, with the exception of l^h’amu'; 
the French patents were held by M. Jules Dreyfus, of Vnum\ 

With the personal assistance of Heroult, the prodm^l-ion of 
aluminum-bronze and fcrro-aluminum was rapidly comuK'r- 
cialized. Ihe first furnac(', which was in operation diu’ing (,Ih‘ 
summer and autumn ol 1888, had a daily j)r()ductiou of about 
300 kilos of aluminum-bronze, with an average alumimim (ioiilniU. 
of 20 per cent. At the end of 1888, open-ations wenr starlnd 
with a larger furnace of the same type, which prodmu'd about 
2,200 kilos of aluminum-bronze per day. At this tiim', tli('n‘ 
was concluded betwec'ii the Schweizc'rische Met,allurgis(h(‘ 
Gesellschaft and the Allgemeine Jhektrizitats-G(^s('llschaf(., an 
agreement which resulted in the founding, on Nov. 12, 1888, 
of the Aluminium Industrie Aktiengesellschaft at- Neu!uuis('m ' 
At the same time. Dr. Martin Kiliani, who had b('(‘n ('xjx'il- 
menting in the production of aluminum with th(‘ AllgTimmu' 
hJektiizitats-GesoIlsclialt, was made managing dirc'ctor of tli(‘ 
Aliiminiimi Industrie Aktiengesellschaft. Th(‘ works wc'iv 
(uilargetl m Mav. 1889, and the production of alumimim allovs 
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jontiniicd on a larger scale. During Mu' y(\ar 1889, experiineiilnS 
vere made looking towards th(^ production of pure aluminum, 
LS by this time The Pittsburgh Reduction Company’s works 
vere successfully operating by the Hall process in the United 
states and demonstrating the advantages of the production of 
)Ure aluminum instead of the alloys. 

There have been many conflicting statements made regarding 
he contributions of Heroult and Kiliani to the development 
if the cryolite-alumina process at Neuhausen. Pleroult applied 



Fia. 11in Switzcn’lniul of jihnoiimtu reduction works (#). 


Aluiniiiuni li(*<luctioji Works 

luiniiiitmi 1 ndtintric, A -(! , (H* Socicic 1. NcmiIkimuch 

AnonyiiU) pour I’1 ii<lu.stri(‘ dr I’Alunii- 1*. Olllppi^ 

Ilium 

ihriipm d’Aliiniiniiim MurtiKuy, S. A. d. Mnrtif.’:iiy“Iioiir^':t Oantoii \'uliiis 

ir his })at(mt covc'riiig this proc^'ss and ma(l(‘ pure' aluminum 
[‘f()r(‘ ('itJuu* li(‘ or Kiliani w(‘n‘ coniu'ctcal witli th(' N(‘uIkuis(*ii 
r()j('ct, a-nd Heroult has (‘xplahu'd (hat i( was only on (Ih' advi(^(^ 
M. JV'chiiH'y (hat Iu‘ umku’took tlic' jii’odiKflion of aJuminum 
loys, ralJu'r than tlu' ])ro(luc(ion of pur(‘ aluminum. Kiliani 
tv(mt(al an ('huflrolytic c{'ll wit h a rolal ing ano(I(‘,' bul it did 
)t prov(' t-o !)(' a succ('ss. Heroult and Kiliani found, how(‘V('r, 
lat 11 h‘ c(flls us(‘d in the production of tlu' alloy could lu' adapted 
^ KiiiiANi, M., (u‘r. Pat. 50,508. 
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1-0 the production of pure ahuniiiuin and tliey W(U’e no us(ul. 
Undoubtedly, considerable credit should bo ^iven to Kiliani for 
his work in the commercial development of HeroulUs process. 

The management of the Aluminium Industrie Aktiengesoll- 
schaft has been in Swiss hands from its inception. Colomd 
Huber-Werdmuller, who was chairman of the SchweiKoriscIu^ 
Metallurgische Gesellschaft, became chairman of tlu^ lu^w 
company, and continued in that position until his death in 1915. 
He was succeeded by Dr. Gustav Naville, who occupiers this 
position at the present time. The management was first in 
the hands of Dr. Kiliani and Martin Schindler, but aft(u* tlu^ 
death of Kiliani on Jan. 21, 1895, was in the hands of Schindhu* 
until he retired in 1920. Much credit is due Naville and 
Schindler for their energy and foresight in bringing the company 
to its present position. 

As in the case of the American Company, the Ncuihauscm 
Company had considerable difficulty in finding a marked, for 
aluminum, but, during the years 1890 to 1900, the industry 
began to develop and their production facilities were (^xpand(‘<l. 
In 1897, a second works was started at Rheinfekhm, Cuu-nuiny, 
and late in the same year a third works was starhul at L(‘nd- 
Gastein, Austria. The most important works of this company 
were begun in 1905 in the neighborhood of Chippis, (dant-on 
Valais. Here there has been combined a system of fiv(^ wa{.(‘r- 
power plants, which include one on the Navizanec^, lu'ar (Jii})pis, 
which was completed in 1908; one on th(^ Rhoiu', lU'ar (Ju})pis, 
which was completed in 1911; one on the Horgiu^, near Bramois, 
completed in 1913; and two, the Illseewerk and Turtmanw(‘rk, 
which were being completed in 1927 and 1928. 

There is another aluminum reduction works in Swit/.{‘rlaiid 
at Martigny-Bourg, Canton Valais. Theses works an^ own(‘d 
by Fabrique d’Aluminium Martigny, S. A.; tludr production 
is about 1,800 tons per ycair. 

NORWAY 

Norway has a wealth of cheap electric power which is so 
essential for the production of aluminum. IVirthermon^, many 
of its waterpower developments are located on the coast and 
provided with excellent harbors. The British Aluminium 
Company was the first to recognize and take advantage of i,h('S(‘ 
facilities. A Norwegian company, Aktieselskap(d. Stangfjorchms 
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Iilloktrokemifiko Fabrikor, owned a parily d(w('l()p(‘(l vvaterpowin- 
dtc which was purchasc'd in 1906 by the British Aluniiniuni 
CJompany. They proceeded to erect aluininuiri works at 
Stangfjordj which is located on the west coast of Norway, about 
LOO miles north of Bergen. Production of aluminum was 
3 ommenccd there in January, 1908. 

In April, 1907, a company known as the '^Anglo-Norwegian 
Aluminium Company, Ltd.,^' was formed for the purpose of 
producing aluminum at Yigelands, near Kristianssand, South 
Norway. The Norwegian operating company was known as 
^ Aktieselskapct Vigelands Brug.” The Anglo-Norwegian Alu- 
ninium CoiTipany did not prosper and in July, 1912, the British 
Aluminium Company purchased A/S Vigelands Bnig and have 
3 ontinu(Kl the production of aluminum to date. 

Another large Norwegian producer is known aS ^^Det Norskc 
LNitridakticselskab,'' sometimes referred to as “D. N. ISiA’ 
This company was formed Aug. 20, 1912, by the Societe Generale 
ies Nitrures in cooperation with Dot Norske Akti(\selskab for 
[^llektrokemisk Industri. The original intention was to manu- 
’acture alumina and nitrogem compounds by means of the 
■5(n7)(Jv })rocess. This process, howeven*, did not work out 
aiccessfully and in 1918 tlu'y b('gan to consider tlu^ production 
)f aluminum. Their first works were erechvl at I^lydehavn, 
vhich is near Areiidal on the Kristlaniafjord. Production was 
started here in 1914. The works had at its disf)osal about. 
^5,000 horsei)ower furnished by the Boejld'oss j)()W(‘r i)lant. 
X'longing to Anmdals Foss(‘kai!ipani. Th(‘ capadty of this 
vorks wa,s doid)l(‘d in 191 (), wlnai its j^n’oduction was brought, 
ip t.o aJ)ouf 5,000 tons p(‘r y('ar. Fhalrod('s for both MydGiavn 
ind TysscMlaJ a.r(‘ inad(‘ h(‘r(‘. 

I)('t N()i*sk(' Nit rid ha,s anotJun- works at Tyss('dal, whic^h 
M)nnn(‘n(;(‘(l })roduetion in lOK). It is locatc'd on th(‘ So(‘rfjord, 
it. th(' (‘nd of tlu' IIarda,ng(‘r fjord, north of ()(hla and at. tlu* 
noiith of th(‘ Ty^^!^^' riven*. It.s initial prodin^tion wa.s about 
),0()0 t.ons jK'r yeair, but. in 1925 it, wa,s (‘nlarg(‘d t.o a e.apadty 
)f 10,000 t.ons pen* yenir. Del. Norske' Nit riel is joint ly e)wne‘el 
)y tiie^ British Aluminium Ce)m})any, (•e)m])agnie' A. F. (t, anel 
Vluminiiim himite'el. 

Ane)the'r hirge' Ne)rwe‘gian pre)eluce‘r is kne)wn as ^‘Ne)rsk 
Vluminiiim (kinifiany,” with weirksat llpyangx'r, Seigne'fjeirel with 
i ])roeluet.ion of abeiut. (>,500 t.eins. (hnstruehiein e)f this weirks 
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Fiq. 12.'—Location in Norway of aluniiniini n'diKiiion vvorkn (®). 


Aluminum Reduction AVorkn 
AktieseLskapet IS tan gfj or dens Elektrokeinisko 
Fabriker 

(Owned by British Aluminium Company) 
Aktieselakapet Vigelands Brug 

(Owned by British Aluminium Company) 

Det Norske Nitridaktieselskab 

(CHvned byCompagnieA. F. C., British Alu¬ 
minium Company and Aluminium Limited) 

Norsk Aluminium Company 

(Jointly owned by Norwegian interests and 
Aluminium Ijimited) 

A/S Haugvik iSmelteverk 


1. Stangfjord 


2. Vif'ehu\dH 


J I']y<lehavn 
I. 'ryNH(*<lal 


(). (ilomfiord 


ESTHONIA^. 
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vas started in 1916. This concern was originally financed by 
Sforwegian capital, but after the World War, Aluminum Com¬ 
pany of America acquired an interest which is now owned by 
Aluminium Limited. 

Aktieselskapet Haugvik Srnelteverk, which is controlled by the 
^.luminium Corporation, Limited, has been constructing works 
it Glomfjord. 


ITALY 

Italy took no part in the early history of the aluminum 
ndustry and up to the beginning of the twentieth century 
mported its recpiin^ments of aluminum. In 1905, a supply 
)f bauxite became available from the opening of the mines at 
jCccc do Marsi in the province of Aquila.^ The first aluminum 
■eduction works were erected at Bussi (Aquila) on the Pescara 
■iver in 1907. The bauxite supply came from the nearby Lecce 
le Marsi mines. The Bussi plant is now controlled by the 
^ocieta Anonima Veneta delP Alluminio (8. A. V. A.) and has an 
miiual capacity of about 1,000 tons. Alumina is produced 
it works at Bussi di Tinnu', (Acpiila). 

The Societa (h'lr Alluminio Italiano, owned by Aluminium 
dmited, is anotluT Italian produc('r of aluminum. Its works 
in^ locatcal at Borgofranco (P Ivrea on the Dora Balh'a and 
lavc' a capacity of about 1,400 tons per year. 

During the war, the need for aluminum was greatly increas(‘d 
ind it was partly sui)i)li('d by the Sociida Idnx'kd trica di Vilh'- 
iu('V(' from its phmt tit N('ra Montuoro (Umbria). This plant, 
vas const ruel(‘d for tlu' manufactun^ of chlorate's and the' 
)roduct-ion of aluminum was dis(X)ntiniK'd afU'r th(' armistice'. 

Aluminum is benng pre)eluce‘ei by the' Sexiie'ta Anonima \4'ne't.a 
le'lP Alluminio ad its we)rks at Pi)rto Marghe'ra, ne'ar Ve'nice'; 
he' annual pre)elue’tie)n was abe)ut. 1,000 t.e)ns in I92S. Alumina 
s alse) pre)eluce'el in Italy by the^ Sexde'ta Italiaiia de'lP Alluminio 
Milan) with we)rks at- Me)ri. 

Italy is the' j)e)ss(‘ssor e)f e'xte'iisivc ele'pe)sit.s e>f a silicate' of 
)e)tassium anel aluminum kne)wn as ‘Me'uente\’^ Ihlorts have' 
H'e'u maele^ t.o re'ex)ve'r be)th alumina anel pe)tash from leucitc. 
le'rhaps the' be'st. kne)wn ])re)cess is that e)f Baron Blanc, which 
las bc'cn t.ried out on a se'mi-commercial scale. 

^ Ind. Eng. Uhetn., Nows Iild., 12 , 10 , 1927. 
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Fig. 13 . Location in Italy and Ju^^()-Siavia of aluniiniirn nnhuition vvoi 
(®) and alumina works (M). 

Aluminuin Ufducl.ioii Works 


So(uet{\ deir AUuiiiiiiin It.aliiUKj 
(Owned by Ahiniiiiium Limited) 
Society Anniiiiim Veneta doll’ Al- 
luminiu (S.A.V.A.) 

Societal Italiiina dcU’ Alluininio 
{ Milan), (Owned by Mmiteoatini) 


1. BnrKofranco d’lvrea, on the Dora 

Halloa, Italy 

2. Hiisisi (A((uila), on tlio PoHoara, Italy 
.’L I’orto MarKhora, near Venioe, Italy 
1. Mori, Italy 


Alumina Works 


Sooieta Anonirna Veneta dell’ Al- 
luininio (S.AAVA.) 

Cheinisohe Fahrik (Formerly known 
aa CJiulini, O ro.b.H., Ijaibaoh) 


5. ibiaai di 'I’irino, Aquila, Italy 

(). Moato, near I.jiibljana, Ju^o-Slavia 
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pain. 

Spain is the latest country to enter the aluminum producing 
eld. Its only works are located at Sabihanigo, Province of 
[uesca, and are operated by AUiminio lilspahol, S. A. Produc- 
on started in October, 1927, and it is anticipated that the 
nnual capacity will be about 1,200 tons a year. 

ustria. 

There are two aluminum reduction works in Austria. The 
^orks at Lend-Gastein, which are owned by Aluminium Indus- 
de, Neuhausen, hav(^ already bc^en referred to. The second 
'^orks are at Gmiiiukm, ()b('r<)sterreich, and are known as 
Aluminiumwerke Ste('g/’ Tlu'y are controlled by J^]lektrizi- 
Itswerke Stern und PTafferl A.-G., and utilize, for the production 
f aluminum, the sur])his power k'ft aft(‘r supplying the public 
tdity reciuirements of the Steam und PlaflVrl group. 


CHAPTER IV 


ORES OF ALUMINUM 

By 

E. C. Harder 

Aluminum is the most abundant metallic element, forming, 
according to Clarke and Washington,^ 8.05 per cent of the solid 
portion of the earth's crust to a depth of 10 miles. This is 
equivalent to an oxide content of 15.2 per cent AloO;,. Tlie 
only more abundant elements in the earth's crust arc' oxygc'u 
(46.68 per cent) and silicon (27.60 per cent). Next to ahiiniiiuiti 
in abundance is iron (5.03 per cent), followed by calcium (3.()3 
per cent), sodium and potassium (2.72 and 2.56 per cent), and 
magnesium (2.07 per cent). The aluminum content of Uic' 
earth appears to be concentrated near the surface; Washingl.on-* 
estimates the earth as a whole to contain only 1.79 per cc'iit 
aluminum. 

Aluminum is an important constituent in practically all 
common rocks except sandstone and limestone, and, c'vc'n in 
these, it is nearly always present as an impurity. It is particu¬ 
larly abundant in such rocks as clay, shale, slate, argillacc'ous 
schist, granite, syenite, and anorthosite. Aluminuin occurs in 
these rocks principally in the form of silicates of which tlu^ most 
abundant are the feldspars, micas, and various forms of (^lay. 
It also occurs relatively abundantly as oxides, chiefly liydrat(Hl, 
and the commercial ores of aluminum belong in this class. 
Table 1 shows the average range in the content of aluminum, 
calculated as AI2O3, in some of the more common rocks. 

^ Clakke, F. W. and H. S. Washington, Ptoc. Nal. Acad Sri., 8, lOS 
(1922). 

2 Wasiuncjton, H. 8., Am. J. Sci., 9, 351 (1925). 
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Table 1.—Aluminum Content of Common Kooks 


Aluminum content 
calculated as AI2O3, 

Kind of ro(!k percentage 

Rhyolite and granite. 11 to 16 

Pbonolite, tracliyie and syenite. 16 to 23 

Andesite, diorite and monzonite. 14 to 18 

Basalt, gahbro and norite. 12 to 21 

Labradorite and anorthosite. 2() to 32 

Pyroxenite and peridotite. 2 to 9 

Average igneous rock. 15.34* 

Average slnih^. 15.40 f 

Average sandstoiu^. 4.77 f 

Average limestone. 0.81 f 


CJhAUKE, F, W., II. 8. Washington, Proc. Nat. Acad., Sci, 8, 108 {n)22). 
t Clakkiq, F. W., “Thc! Data of Goochi'mistry," U, S. (hud. Survey, Hull. (iOf), 85 (11)20). 

lummum-bearing Minerals. 

The principal inineraLs with inodoratoly high aluininuni con- 
nit,’ given roughly in the order of their abundance in the 
arth’s crust, are as follows: 

Table 2.—-PuiNcirAL Aluminum-containino Minerals 

Aluminum (content 
calculated as AI 2 C 3 , 


Name of mineral j)ercentage 

Feldspars: 

Orthoclase, K 2 O.AbjOa.bSiOa. 18.4 

Albite, Na-jO.AbOa.hSiOtj. 19.5 

Anor(hit(‘, (-aO.Al‘20.'i.2Si()2 . 36.7 

Micas: 

Musc()\'i((‘, KaO.S.M^Oa.liSiOo/ill 2 <> 28.5 

BiolKi', variabh'composition. 15.0:1: 

Phl()goj)it(‘, va,rial)l(^ composilioji. 15.0 J: 

(Hay MiiH'rals: 

Kaoliniti^ (kaolin), Al20a.2Si()2.21 I^O. 39.5 

nalloysit(‘, Al20;i.2Si()-.;.21l20 aij . 36 9 

Alloj)ha,nit.(^ (allophaju'), AtjOn.Sil>2.51 bjO. 40.5 

Lcucit(‘, K20.Al20.-f.4Si()2. 23 5 

N(*i)lielit(^ (nci)h('!in(0, 3Na-2t).K 2 <h iAl2();j.9Si()2. . . . 33.2 

Ana lei t c, Na 2 (). Al 2 ( );,.4Si( >2.211.(). 23.2 

Scap()li1(‘, c.alcium-sodium-aluminuin silicati^. 30 0 t 

SpodunnuK', bi20.Al2():).4Si()2 ... . 27 4 

Ih ropbvlliti^, AbO.-j.HSil> 2 .11-4 h . 28,3 

(.lya,nite (kya,nitc), vM 2 O.-t.SiO 2 . . 63.2 


^ Dana, F. S., “T(‘xtbook of Mimu'alogy,” ,)olin Wih'y A Sons, Inc. 
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Table 2.—Principal Aluminum-containing Minerals,— {( Umliiuwd ) 


Aliunimiiu {U)iit(U)t 

(Tikuil.TUuI its Al'iOa, 

Name of mineral ponuinlago 

Sillimanite, AlaOa.SiOa. (>3.2 

Andalusite, AUOs.SiOo. ()3.2 

Dumortierite, possibly 4 Al 203 . 3 Si 02 . VJiriahh^ 

Staurolite, 2FQ0.6A\^>0sAAi0^i.lU() . 55.9 

Gihbsite (hydrargillite), AloOg.tBHaO. ()5.'l 

Diaspore, AbOg.IioO. ,S5.() 

Corundum, AI 2 O 3 . lOO.O 

Alunite, K20.3Alo03.4S03.61L.O. 37.0 

Alimogen, Al2GS04)3.181l20.. variable 

Pickeringite, Al 2 (S 04 ) 3 .Mg 0 .S:j,. 22 ll.>(). variable 

Spinel, MgO.AbOa. 71 .H 

Hercynite, FeO.AbOs. 58.0 

Gahnito, ZnO.Ab.O3. 55.7 

Wavellite, 4 A 1 P 04 . 2 A 1 ( 0 H) 3 . 9 II 20 . 38.0 

Cryolite (kryolithi, SNaP.AlFs. 24.3 


Of the above niineraLs, the feldspars are by far tlu‘ most 
abundant because they are the principal con.stituentH of igrusnis 
rocks. Moreover, undecomposed feldspars are always pres('iil, 
in such sedimentary rocks as shale, arkose, and graywacke. 
rhe micas are similar to the feldspars in their occurnmcu^ .‘iiid 
distribution and are especially abundant in metamoriiho.sed 
sediments and igneous rocks. The clay-forming minerals, such 
as kaolinite, halloysite, allophanite, and others, result maiidy 
from the decomposition of feldspars and other aluminum silica,tes; 
they and the micas are, thereloro, very abundant in decomi.oscd 
igneous rocks and in various sedimentary and un'tamorphic 
rocks, such as clay, shale and slate. The fcldsj.athoid minerals, 
leucitc, nephelitc and analcite, are constitiK'iits of cen-tain types 
of syenitic rocks locally abundant. Scapolito and siKHlumeue 
occur mainly in igneous rocks. Pyrophyllite is an alumimim 
silicate resembling the magmisium silicate, talc; like the hitt.-r, il, 
is found in mctamorphic schists or metainorpho.sed volcauics, 
Sillimanite, andalu.site, cyanite and stauroliti! are found in nuda- 
morphosed sedimentary rocks, particularly in slatesand in various 
argillaceous schists. The- hydrated aluminum oxidiss, gihbsitc' (or 
h_Mh'argillite) and diaspore are locally a,ss()ciated wilh (u'rl.ain 
sedimentary rocks, principally clays and liimwtones, but they jdso 
occur abundantly as decompo.sition products of igneous ro(;ks 
Corundum occurs in igneous and meta,morpluc rocks, being 
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[•mod cither as an original constituc^ni, or by n'crystallization 
other aluminous materials, as a result of heat or pressure, 
unite occurs as an alteration product of rocks, generally result- 
y from volcanic action. Alunogen and pickeringite are chemical 
ecipitates often occurring as efflorescences or in playas in desert 
;^'ions. The minerals of the spinel group are products of con- 
ct and regional metamorphism and also occur in volcanic rock>s. 
avellite and cryolite are of local occurrence only. 

Besides the above minerals there are others such as the 
iphiboles, pyroxenes, and garnets, the aluminum content of 
lich, although relatively small in each individual, is large in 
e aggregate as they arc important constituents of many 
leous and metamorphic rocks. 

The literature of aluminum ores and minerals contains a 
miber of other terms such as bauxite, laterite, terra rossa, 
homarge, bauxitic clay, and diasporic clay. Most mineralo-' 
^ts agree, however, that these terms have no definite chemical 
mineralogical signiiicance and that each may be applied to a 
nsid(U‘able vari('ty of materials. 

ALUMINUM ORES AND RELATED MATERIALS 


luxite. 

Bauxite, although not named so until many y(‘ars later, was 
scovered by th(^ I<Vench chemist, P. Berthi(‘r, when in 1821 h(‘ 
v(^stigated specimens of this material found ru^ar Les Baux 
south(u-n Franc('. The substance examined by B(‘rthi(U‘ 
IS an aluminous, ferruginous rock of tln^ following c()m})ositl()n: 
loOu, 52 per cent.; 27.() per cemt.; lIoO, 20.1 jK‘r c(‘nl.; 

ri)():{ t-riUH', in wliic^h the aluminum oxicb' was supposed to be 
■(‘S(‘nt in ih(^ form of tJie dihydrat.c', Aht );{.21Io(). t'or many 
ars lli(‘ t.erm “bauxit,e” was us(hI miiH'ralogically to (b'signale 
(' dihydrat(‘ of aluminum,' and, ev('n at tJu' ])res(‘nt time, some 
vestigat.ors l)eliev(^ in t-h(‘ exist.(m(^(' of sucJi a (lihydrat.(‘ and 
J1 it ‘M)auxit('.’’“ The term also canu' t.o be wid(‘ly used in a 
‘iK'rab sens{‘ t.o (U)ver tJic^ various kinds of aJuminum orc's, 
insisthig mainly of hy(lrat(‘{l aluminum oxi<l(\s, whi(^li were 
se,()vered in various parts of t.h(‘ world. ldi('S(' or(‘s, besid(‘s 
flering in the amounts and kinds of impuriti(‘s, were found, 
‘ Dana, 10. 8., loc. cil. 

- ItAO, 'W V. M., “A Study of Bauxite*,” MinvraUnj. M<i(}., 21, No. 120, 
i7 IdO, March, B)2S. 


64 


THE ALUMINUM INDUETIiy 


Upon analysis, to vary in I,heir content of ch(nnioaIly coinhiiu'd 
water and this, together with the fact that a definit.c^ crystalliiu' 
dihydrate of aluminum oxide has not been isolated, led most 
investigators to conclude that probably the dihydrate does not- 
exist as a definite mineral; whereas, on the other hand, th(‘ 
monohydrate (diaspore and a-monohydrate) and l-rihydratc' 
(gibbsite) do exist as definite minerals. Tins conclusion is 
strengthened by certain phenomena shown by the heating 
curves of many aluminum ores. When gibbsite^ and diaspor(‘ 
are heated in order to drive off the chemically combined wat.(‘r, 
definite arrest points appear on the heating curves, those arnvst 
points differing in the two minerals. Many aluminum or('s, 
when similarly heated, show the arrest points of both gibbsite^ 
and diaspore but no arrest point for any other possible aluTninum 
hydrate, A smooth curve connects the arrest points, probably 
indicating the presence of aluminum hydrates in g(‘I form 
that evolve water at a considerable range of temjK'ratun'. ’ 
At present, the term bauxite'^ is, therefore, applic^l to 
aluminum ores generally believed to consist of a mix tun', in 
different proportions, of the trihydrate and the mon()hydra(,<', 
with certain impurities. The impurities are principally ihe 
ferric oxide, hematite, various hydrated ferric oxick's, siu^h as 
goethite and xanthosiderite,- and silica, usually present, combiiK'd 
as kaolinite and halloysite, but sometimes fn'e, as (piartz. 
Besides these, there is always titanium pres('nt, possibly in i\u\ 
•form of an unnamed hydroxide, possibly as rutik', ilmenile, or 
leucoxene,^ or possibly in the form of the hydrous aluminum 
titanate, xanthitane.^ Locally, in minor quantities, occair magiu'- 
tite, ferrous carbonate (siderite), calcium and magnesium carbon¬ 
ates, iron sulphide, aluminum phosphate (probably wav('llit(‘), or 
manganese oxides. Bauxite may, therefore, be (kdiiu'd {is jin 
aluminum ore, more or less impure, in which th(^ {iluniinum is 
largely present as hydrated oxides. 


Much bauxite is amorphous or is so finely crystalliiu' tluit 
individual minerals are indistinguishable. Many invc'stigalors, 


aCNiBBs, N. V. S., ‘‘Tlie IndustriM,! Uses of Bauxi 
Benn Ltd., London (1928). 

2C.4MPBKLL, J. M., “The Origin of LaUnMto,” 
Metallurgy, 19, 432-443 (1909-1910). 


Iv,” pp. -KL 19, 

Trana, Inst. M iniug 


COGHILL, Vi'. H., ‘Titanium in Bauxite Ores and Sludge.s,” U S Bur 
Mines, Repts, Invesiig., Ber. 2,867, April, 1928. 

Cl.\rk, F. W., lac. cH., p. 495. 
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reforc, claim that the aluminous, ferruginous, and siliceous 
iponents are present in such cases not as definite minerals but 
colloidal form as uncombined oxides or hydrogels. Somc^ 
sider as possible the presence in bauxite of more or less definite 
:)rphous hydrated aluminum oxides, the colloidal equiva- 
:s of gibbsite and the monohydratc. Similarly, it is sug- 
bed that definite colloidal hydrated oxides of iron may be 
sent, such as stilpnosiderite, the colloidal equivalent of limo- 
i, and others. 

^hc bauxites of any given district generally have c(‘rtain 
iinon characteristics as to composition and impurities. . Thus 



bauxites of southern b'rance in most places carry 57 to 00 
c(uh. alumina, 20 to 25 per cent ferric oxide, 8 to 5 p(^r c<‘nt 
ca, and 11 to Tl pc'r cent, combiiu^d water; those of Dalmatia 
also high in h'rric oxide and low in silica (1 t.o M per c(‘nt), 
. (U)ntnin about. IS to 55 p('r c('nt. alumina and 20 to 22 pea* 
t. combiiKMl wa.t(‘r; thos(‘ in th(‘ Ibiitc'd St.a,t{'s ranges from 5() 
59 per c(mt. in alumina,, 27 to MO ihu* evnt. in combiiuMl wat(‘r, 
1 (‘.ont.ain from 5 to 12 p('r cemt silica, but a,r(^ low in It'rric oxi(I(‘, 
many j)lae{‘S (a)nt,aining 1 to d per c(mt and only locally con¬ 
ning mon^ tha,n 5 or (> p(‘r c(mt,, whiles those of tlu^ (hiianas 
[(‘rally cont.ain 50 to 01 p(‘r c(‘nt. alumina,, 29 to 01 pc'r (amt 
iibiiKHl wat.(‘r, 1 to 0 })(*r (a‘nt. silica, and a varia,bl(^ amount of 
ric ()xi(l(‘. In c(‘rtain dist.ricts, minor e,()ns(itu(mt,s play 
nortant roh's. Thus, (a‘rtain bauxites of India contain 8 t.o 
I)er C(mt or m()r(‘ tita,nium ()xid(‘. instoul of th(^ usual 2.5 to 
x^r cent. Some deposits in Ist.ria, Mont(mcgro, and in tlui 

IjACUOIX, a., ‘‘IjCS d(; la (Uuikm^ cl, k’s Prodiiiis d’Alt.eration, 

iv. Arch. diL Muii., 6, Pjiiis (1910). 
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United States have a bluish color in parts due to the pres(uic(‘ of 
ferrous sulphide or ferrous sulph-Uc. Some Russian l)iuixit(^ 
deposits are characterized by their high calcium-car bona t(^ 
content and the abundance of free quartz. The bauxites of 
Mississippi is locally rich in siderite. Certain deposits on 
northern coast of Brazil are rich in aluminum phosphate, ranging 
from 15 to 25 per cent in P2O5. 

Not only the chemical composition but also th(^ j)liysi(5al 
appearance of bauxite varies greatly. Some varieti(\s hav(^ a, 
pisolitic or oolitic texture; many are dense and hue graimul with 
conchoidal or blocky fracture, others have a granitic i,(‘x(.ur(^ 
and still others are porous or vesicular. Most bauxite is moder¬ 
ately hard and compact but soft earthy bauxite occurs. 
are also gradational phases between the bauxites of diffc'n'idi 
textures. Bauxite pisolites may bo dense and solid, ofi-cm witli 
concentric spheres, or they may have soft or hollow inh'Hors. 

Danai gives the specific gravity of bauxite as 2.55, (hat of 
gibbsite as 2.3 to 2.4, and that of diaspore as 3.3 to 3.5. On (Jk^ 
above basis 14 cubic feet of bauxite would weigh 1 gross (-on. 
In practice, however, it has been found that on account of (Ih* 
porous texture it is conservative, for purposes of (‘stima(>ing 
tonnages, to use 23 cubic feet as the volume of I gross (-00 of 
ordinary low iron bauxite, and 19 cubic feet as th(^ volunu' of 1 
gross ton of dense high iron bauxite. 

As regards color, bauxite when low in iron oxicU i,s usually 
white, gray, or cream colored; when conlnining a, uioderaio 
amount of ferric oxide it may be pink, yellow, ligld- brown, or 
light red, and when high in iron oxide it is dark nal or brown. 
The coloring is independemt of the texinre. Moivovtu*, dark 
red pisolites may be found in a gray or pink groundnia,ss, or 
fine grained or vesicular bauxite may show yedlow, bi*own, a,nd 
dark-red mottling. All combinations occur. 


Laterite. 

Laterite is a term that pervades the more reccml, lil 
on aluminum ores and is found in much of (lie okhu* li(-( 
It was first applied in 1807, by Francis Buchanan, (-0 
or less consolidated residual rock formed by surface^' \v(‘a, 
in the Malabar and Kanara territories of southern Ind 
1883, I. R. Mallet- noted the high-alumina conient of 
’ Dana, K. >S., he. at., j)}). 348, 350, 351, 

“ Mali.k'I', K. U.j Records (fcoi. Sureei/ hidia^ 16, 103 (1SS3). 


(‘mi un^ 
u'alurcx 
a- inor{‘ 
(lua'ing 
ia. In 
cerl.ain 
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Verities in the Katni region in the central part of India. The 
imposition of the rock found by Buchanan is not known. 

Since the discovery and naming of the original laterite of 
adia, similar rocks formed under approximately the same 
iiiditions have been found in many different countries, especially 
1 various parts of tropical Africa, South America, the East 
tidies, and Australia. In these tropical countries, the laterite 
ccurs in the form of flat-lying surface blanket deposits, in 
lace.s many miles in extent and varying in thickness from a 
>w inches to 75 feet or even more. (See Figs. 18 and 19.) 



-Orcry crumbly c^ay... 


r'ld, 15 .—Ht'ctioii of typical bauxite fxvl in coastal plain region, Gcor^ria. 

Moroovor, latorite dc'poHits forniod in past ^(‘oio^2;ic pc'riods 
ind now oc.nurring' as layt'rs and Itnist's in(.('rla,y('n‘d with ollnn* 
K'dinunitary nxtks or alon^ (‘.onltuits iK'lAVtani i^-n(‘ous tind 
i(‘diin(Md,a,ry rocks liavf' Ikhmi found in counlrit^s whit^li now have' 
(‘inp(‘ral.(' clinialt^s but in whitili, at Uh' tinu' tli(‘ ki(<‘rit(‘ wa.s 
ornxxl, tropical or subtropical conditions })robaJ)ly prt'vaikMl. 

'rh(' type of t.ropical or subi ropical surfaca^ alt ('rat ion which 
‘(^sults in th(^ fonnat.ion of latc'rilt' is calk'd 'Mal(‘ri( izn.l ion ” 
or kit('risatJon). It- n'sult-s in corua'id rat in^;-, in t h(' surface' 
ayc'r, t lu' k'ss solubk' rock const it iK'iit s^ sindi as t.h(' oxide's or 
lydratd'd oxidt's of iron, aluniiniun, tittiniuni, and nnin<2:jin('S(', 
oge't-lu'r with variable (juantitic's of clay and (pnirtz. Tlu' 
proportions of these constituents vary wieiely, depending* on tlu' 
;a)niposition of the ()ri^2;inal rocks and on tlu^ degret' of lateu'iti- 
satpon. Some late'rites, as those in British and Dutch Guiana, 
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West Africa and central India, consist mainly of bauxit(‘ and 
these may be high-grade aluminum ore. Some, as thoH(‘ in 
northeastern Cuba, consist mainly of iron oxides and may b(‘ 
rich enough to be commercial iron ore; others, as those in soutlKnm 
India, may contain important percentages of manganese oxid(‘, 
and still others may consist mainly of high-iron or high-alumina 
clay or lithomarge. 

Attempts have been made to limit the application of tiu' (i(*rm 
^^aterite’^ and to give to it a definite petrological or eh(‘mi(^a,l 
significance, emphasizing its percentage of hydrated aluminum 
and iron oxides.^ Since, however, we know neither the ininc'ral- 
ogical nor the chemical composition of the rock to whicih 
Buchanan first applied the term ‘^laterite,’’ and considering 
that this term has been applied subsoqiumtly to maierials of 
widely varying composition, such a restriction does not s('(‘m 
warranted. It seems more reasonable to use Mk' t(U’ms 'd)auxit(‘” 
and “iron ore’’ when petrological or chemical ({ualities are und(‘r 
discussion and “laterite” when general geologic relations ar(‘ 
being considered. A laterite formation really consists of a 
number of separate petrologic units, either int('rlay(‘r(Ml, ird.<'r- 
mixed, or irregularly distributed from place to plac(‘, in th(‘ sam(‘ 
manner as a shale formation may consist in on(‘ placu' of lypic^aJ 
clay shale and elsewhere of limey shale, silic(‘ous shal(‘, s}iaJ(\v 
limestone, or shaley sandstone. The t('rm “laleriU',” Ilu'n'fon', 
while in part a duplication of the term “bauxit(‘,” has a wid(‘r 
application and is more inclusive. Mor{‘ov(‘r, usag(' has givam 
it a stratigraphical or genetical rather than a fxd-rologh^aJ 
significance. 

Fermor- in discussing the character and inanma* of (xauirnaua* 
of laterites divides them into two main groups, (a) (di(‘mie,ally 
formed laterites and (b) detrital laterites or la1(‘ritit(‘s. Thr 
chemically formed laterites he subdivides into tlinv' (Ta,ss(‘s: (1) 
true laterites, formed by weathering in situ; (2) lak(‘ lat-(‘rilus, 
formed by chemical deposition in lak(\s or otluu* l)odi(\s of wat<‘r, 
and (3) lateritoids, formed by metasomatic n'placcmuMit of 
rocks. These terms are somewhat misk'ading as ( h(*y giv(' th(‘ 
impression that different kinds of laterite are fornuHl by s(‘pa,rn((‘ 
and distinct processes, whereas, in fact, most laterit(\s ar(‘ fornu'd 

^ Fermor, L. L., “What is Laterite?” Genl Mag., Decade V, 8, ()et()l)(‘r, 
November, December, 1911. 

2 Fermor, L. L., he. cit. 
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3y a combination of processes, including decomposition, replace- 
nent, and recrystaliization. 

Terra Rossa. 

The term ‘M^erra rossa’' (red earth) has been widely applied to 
1 dark-red loose soil derived from the weathering of limestone, 
[t is commonly associated with bauxite deposits in limestone 
a-reas. In the bauxite districts of Lstria, Dalmatia, and southern 
t'rance, terra rossa occurs as a blanket over the deposits and 
liurroundiiig limestone, as an irregular layer between the bauxite 
ind the enclosing limestone, or irregularly intermixed with the 
bauxite. Although ordinaiily used in connection with products 
:)f limestone decay, the term terra rossa need not necessarily 
be restricted to this use. lied earths similar in appearance and 
composition to those overlying limestone in southern Europe 
and elsewhere are common in many tropical regions, being 
derived from the decomposition of various kinds of igneous rocks, 
and being frequently associated with laterite. Terra rossa is an 
aluminous, ferruginous clay or soil containing, in appreciable 
(quantity, oxides or hydratcnl oxides of aluminum and iron, as 
well as silica in the form of quartz, chalcedony, or as silicates. 
In the case of terra rossa derived from limestone in Croatia, 
Kispatic' believes that the hydrated aluminum oxide was 
originally present in the liuu^stoiK'- as such, rather than having 
been derived by weatheu'ing from aluminum silicates in the 
limestone. Ktn-ner von Marilaun,- howewer, bc'lieves that 
some aluminum hydrate is certainly derivcMl from silicates. 
Mor(‘ov(M*, in tropical n^gions red earth is undoubtedly formed 
from th(‘ (h'composition of iron and aluminum silicat(^s. 

Lithomarge. 

Th(‘ 1('rm ‘Mithoinarg('” is used by Dana'^ to designaU' an 
impure' compact form of kaolin, or, in other words, a hard, 
compact, clay. In certain publications by nu'mlx'rs of the 
(h'ologieal Survey of India t.reating with lat('rit.(‘s, a hard, 
(compact material approximating the' composition of kaolinit.e^ 

‘ Kispatic, M., ‘‘RniixiU' (l(‘s krojitisclu'n Kjirs1('s iind ihro Tnlst-('liung,'’ 
Nvalc^ Jahrb., 34 , 513 ( 1912 ). 

" Ksiiivsu VON Maiulaiin, I'\, ‘‘(((‘()l()p;i(^ (l(*i‘ Bauxithi^;(‘rst}it(^n dcs siid- 
lichcn Tc'iU's d(M’ OHl.prnMc.liisclt-UngarischcMi Monarclut*.” Benj- und Ifiittrn.- 
vUUm Jahrb., ])]). 139 170 (1910). 

•'* Dana, K. K., “'texthook of M'n)(*r:d()}»,y,” p. 4.S1. 
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but of amorphous texture is termed ‘'lithomarge.'' This 
definition, and the physical properties of much of the Indiiin 
lithomarge, apply more nearly to lialloysite, a common associates of 
bauxite and, in many places, a constituent in latcritcs. Fesrnior' 
proposes to apply the term ^Tithomarge^^ to the constituents in 
laterite containing combined silica and such usage would for tlu^ 
most part include impure kaolinite, impure lialloysite^, mica, anel 
other clay>forming minerals. Thus, there is no precise agreHuuemt 
as to the definition of the term “lithomarge.’’ If Dana’s 
definition were extended to include, beside\s impure kaolinite, 


NeM/sh brown soil 



Fig. 16.—Section of typical bauxite pocket in Istria. 


impure forms of non-crystalline hydrous aluminum silie!a,l,e‘s, 
such as halloysite and allophanite, this usage woulel be^ gemeniil 
enough to cover most conditions, and in this sense the term would 
have a useful meaning. 

Bauxitic Clay. 

Bauxitic clay is a term widely used to (k'signali' a (day in 
which the percentage of alumina is greater than in kaolinitt' or 
halloysite. It seems probable that this exc(‘ss of alumimi is 
present in the form of hydrated aluminum oxidt^s." Banxilie, 
clay may be soft, mealy and friable or plastic, or mod(‘raX<‘ly 
hard and compact. In many places it is pisoliiic. It is (U)m- 
monly associated with bauxite; in many places i(- und{'rli(‘s or 
borders bauxite deposits. In addition to silica it gcuH'rnJly 
contains about the same other impurities as t.h(^ l)a,uxit<‘ bul in 
less amount, the titanium oxide and iron oxides coid,(mts Ixdng 
usually lower than in the associated bauxite. TIk^ alumina con¬ 
tent of bauxitic clays range's from 40 to 50 pi'r c(uit or moi'(\ 

‘ Fehmor, Tj. L,, '‘What is IjnUM’itc?” (tro]. Maij., V, 8, October, 

Novenilxu', Decu^nilx^r, H)ll. 

“Edwards, M. (1., “Tlx^ Ocxnirrenet^ of Aluminum llvdniles in dlnv.'-j," 
Earn.. (koL, 9, 112-J21 (1914;. 
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iasporic Clay. 

Certain flint fireclay deposits in east central Missouri^ and 
3 ntral Pennsylvania have associated with them, in irregular 
lasses of varying size, hard, rough-textured clay, with irregular 
•acture and a high alumina content caused by the presence of 
olitcs and pisolites of diaspore. This clay is known as ‘^hurley 
lay^’ when moderately high in alumina and as ‘Miasporic clay’' 
Then very high in alumina. Masses of impure diaspore locally 
ccompany this clay. Burley clay and diasporic clay range in 
lumina contc^nt from 50 to 75 per cent. They might properly 
c included under the broader term ^‘bauxitic clay," but they 
iffer from ordinary bauxitic clays in their hardness, their rough 
neven texture, and their association with diaspore. 

USES OF ALUMINUM-BEARING MINERALS AND ORES 

The most important use of aluminous minerals and rocks is in 
he ceramic industries for the manufacture of bricks, tiles, 
luilding blocks, earthenware, pottery, china, porcelain, and 
[lany other articles. For this purposes the use of bauxite is rare; 
lay, shale, kaolin, and other aluminum silicate-bearing materials 
Kung commonly used. (Tina nKjiiires special high-grad(‘ kaolin 
,nd clay. Feldspar is widely used in porcelain manufacture. 
'yanit(^, andalusite, and sillimanite are used to make spark plugs, 
hire alumina (AI^Om) pn'pared from bauxite is used in the 
fianufacturc^ of certain varic'tic's of glass. 

Next in importance is tbe use of aluniinum ores for th(‘ pro- 
lucLion of alumina for ilu' aluminum industry. Aluminum was 
irst ma,d(' (‘xpininumtally from cryolite but lat(‘r a-luniina, (Aid, 
xtract('(l from bauxiti', wa,s us('d in its manufactun' and, loday, 
)ra(;tically a-ll a,lumina, for llu^ aluminum industry is prodmu'd 
rom !)au\il.(\ Low-gradi^ lati'riU's and aluminum silicat('s, such 
.s clays, hav(' been us(al ('xperiuK'ntally for (Ik' production of 
Juminiim but tlnar us(' at pr(\s(‘nt is comm(U’cially impracticabhx 
^\)r aluminum manufac{-ur(', liauxitc' should b(' ri(!h in alumina, 
md as low a,s ])ossibl(^ in impuriti(^s, particularly in silicon, a,nd 
itanium oxides 

Aluminous r('fra(*<(,ory products, such as r('lrac,t,ory bricks 
md forms us(‘d for furnace linings, nupiin^ larger (piantities 

> M(;(^UiOON, 11. S. and (t It. Koituss, “'I'lic' (U'olof^y and Mining of 
)iiLsp()i’o jind Flint, Fir(' (days oi Missouri,’ V’/vz/ns. Am. Omt. Mitiiyu] Mvi, 
iJng., N(‘w \d)rk nuMdijig, Fcdzniary, 1928. 
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of aluminum-bearing materials in their manufacture. High 
alumina clays (bauxitic clay and diasporic clay) arc uschI Iarg(d 3 ^ 
for this purpose but considerable quantities of bauxite or alumina 
prepared from bauxite are used. Recently cyanite, sillimanii.(^, 
and other aluminum silicates have also come into iis(^ for tlu^ 
manufacture of refractory products. 

There are two main classes of aluminous refractoi-icvs (a) 
those in which fused alumina or artificial corundum is tlur rc^fract- 
tory constituent and (b) those to which mullite ( 3 A 1 . 2 ();{. 2 SI()i»), 





an artificial aluminum silicate, imparts the nhi-actury (|uali(.i(‘s.' 
The first are manufactured from aluminii or l>a,uxil,(‘ bondiMl 
with clay, while the second are prepared by fusing a mixliin' in 
the proper proportions of alumina or bauxite with silica,, or by 
fusing cyanite, sillimanite, andalusit(‘, or duniort.i(‘rit(a Mv(‘n 
ordinary fireclay brick, however, after prolonged furnaces act ion 
develops mullite crystals. 

Large tonnages of bauxite arc annually consumed in jJu^ maaui- 
factiue of artificial aluminous abrasives. Among tJu^ impor¬ 
tant artificial aluminous abrasives manufactunMl in 
United States and Canada are Alundum, Aloxifc^, Borolon, and 
Lionite. They are produced by the fusion of bauxitn at'higli 
temperatures in electric furnaces. The fuscal material is i\wu 

^ Bole, G. A., “Borne Refractories now in Pn)c(\ss of Dc'velopnienl ” 
Eng. Mining 125,982-83, 1023, Juno Hi, Juih‘ 23, 1928. 






ORES OF ALUMINUM 


73 


inely crushed and either mixed with a bonding substance and 
added into grinding wheels, whetstones, etc., or used as abrasive 
)Owder. Bauxite moderately low in silica and high in alumina 
3 desirable for this use. Prepared alumina is used for the man- 
ifacture of special high-grade abrasive products. 

The chemical industries also require large quantities of 
)auxite, particularly for the manufacture of aluminum sulphate 
Lud aluminum chloride. Aluminum sulphate, which is widely 
ised in pap(U’ manufacture and for the purification of water, 
'(H 4 uir(^s a bauxite low in iron oxide so that the resulting product 
nay l)e as free from color as possible. When high-grade, iron-free 
Lluminum sulphate is required, pure hydrated aluminum oxide 
Al((')li).0, obtained by refining bauxite, is used. Various 
tliims, such as potash alum, ammonia alum, and soda alum, an^ 
nanufactured from aluminum sulphate. Aluminum chlorid(' 
s used extensively as a catalyst for cracking’^ purposes in 
petroleum refining to produce the maximum amount of gasoline 
ind otlicu* light oils. 

In recent years bauxite has been used in increasing quantiti('s 
or the manufacture of special quick-hardening high-alumina 
iements. These cenumts are prepared in blast furnaces, rotar>' 
cilns, or electric furnaces by the fusion of Imuxite and lioK'- 
itone, the resulting product consisting of a mixtim^ of calcium 
iluminates and calcium-aluminum silicates with sonu^ iron oxi(l(‘ 
ind probably some calcium silicates. 

Rome bauxite is us(h1 in oil filtration as a decolorizing and 
h'odorizing ag(mt. Apparently, bauxite ground to a siz(‘ 
’tinging from 30 i.o OO nu'sli and lu'aix'd t-o •tOO'^Cl is in ciu’ttiin 
•(‘specis mor(‘ (‘fiicicmt Ihtui fuller’s etirth for th(‘ rcMuoval of 
instit.urtiic'd colonal hydrocaiTons tind sulphur c()ni})ouiids 
u’om oilJ R('g(m(‘ration of us(‘d imib'ritil is ])ossil)li‘by h(‘titing 
in rotary kilns. 

Dark-red high iron bauxit(‘ is us(m1 loctilly for pignumt man¬ 
ufacture. 


GEOLOGY OF ALUMINUM ORES 

Bauxite and lat(‘ri(.(‘ deposits htiv(' Ixam d^serilxMl tis occurring 
in a number of difhu’ent g(*ologic r(‘hitions but in g(m(‘ral till ol 
them can be grouped into four main chiss(‘s. 

’ Nnibbs, N. V. S., “Thr liulustrinl Us(‘s of Bauxite,” pp. 10L 107, 
jq*n(‘sl Beiin, Ltd., Loudon (192S). 
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1. Blanket deposits occurring’ at or near the surface in hori¬ 
zontal or nearly horizontal sheets and lenses. (Sec Figs. 18 and 19.) 

2. Beds and lens-like deposits occurring at definite^ strat.- 
igraphic horizons interlayered with sediments or between s(Mli- 
ments and igneous rocks. (See Figs. 14, lt5 and 17.) 

3. Pocket deposits or irregular masses enclosed within linuv 
stone or clay. (See Fig. 16.) 

4. Detrital deposits formed by the mechanical l)reaking up, 
transportation, and redeposition of material from deposits of 
other three types. 

These four types of deposits are closely related to each olJu'r 
and are in many places gradational. There is a strong pi'ob- 
ability that the first three have originated in a somewhat similar 
manner. 


T.4BLF, 3.—Age Relations of Bauxite Deposits 


Pleistocene and Recent 
Cenoijoie: 

Pliocene 

Miocene 

Oligoc^eno 

Eocene: 

Upper 
, Middle 
Lower 


Mesozoic: 

('r(‘ta(‘eoii.s: 
l^})p{‘r, 

Daiiian 

Si'iionimi 

Middle, 
Puronian 
(’(‘nonianian 


Tropi(!al lateriti^ di^posils. 


German bauxite (Vogclsbcrg Mountains). 
Irish bauxite (County Antrim). 


UnitiHl 8tat(^s bauxite—umhu’bun by liower 
Eo(‘.(m(^ or Lowin’ (h’l^tju'i'ous. 

Dalmatian banixitiv- undm-Iain by Lower Eoeem* 
and Up})(‘r Cndaia^ous. 

Montenegran ba,uxit(^ (Bjir and Ideinj) under¬ 
lain by Uppeu’ Cr(d-ae.(^ous. 

Istrian bauxite—undm’lain by Upper Cn‘la<’(‘- 

OUH. 

Spanish bauxifii - und(‘rla.in by Loeeiu' and 
Rho(‘tie. 

Iviushmir d(‘posil,.s (Ja.mmu) underlain by 
Jurassim 

Hungarian l)auxil(‘ -undm-lain b\' Rlux'lie. 


Gna'k bauxili' --undm’lain by Jura,ssi(n 
FrenchImuxito (Ilmaiuh )- underlain by Jurassie 
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Tablk 3. — Age Relations ojp Bauxite Deposits. — {Continued) 


All)ian 


Lowor, 

Aptian 
Urfi;()nian 
N(H)<u)niiaii 
Jurassic: 

Malm 


Vom-y 

Lias 


Triassic,: 


Upper I 

Middle 

L()W(u* 


H,lH)(J-i(*. 

K(Mip(U‘ 


French hauxihi (Var)—underlain by Urgonian, 
Ncoconiian and locally Jurassic. 

Italian bauxite (Central Apennines). 
Montenegran bauxite (Kotor and NiksicO— 
imdcrlain by Lower Cretaceous. 


FnuuJi l)auxit.e (Ariege)—underlain by Jurassic, 
Rumanian bauxite (Bihar)—underlain ))y Malm, 


Croatian bauxiU^—underlain by Middles J’rias- 
sic. 


^il(H)/.()ic,: 

Upp(U’ {'nrbouih'rous 
!jOW(U’ ( -erbonilerous 
i )(‘V()nian 


Missouri dinsponr—uiaUeJain l)y U])p(U’ ('}U‘~ 
bonilerous. 

Itussian hauxiUi ('Tikhvin)—underlain l.)y 
Devonian. 


Banket Deposits. 

llorizoiit.ai hhuikcd- (h'posit-s iuv. found usually in tropical 
ir sc'init-ropical n'gions, wlu'n^ tlu'y occur on pciK'plaincd sur- 
a,(a\s or a,s (dippings on (‘x(-('nsiv(‘ plattaius (or fiat-t()i)p(Hl hills 
vhich a,r(‘ outii(‘rs of such plat(‘a,us), wliicR r(‘pr(‘S(uit ])(‘ii('pla,ins 
hat ha-V(‘ Ixaui (d(‘vaJ.(ul and bav(' sufbuHul (U'osion suhscuimuil- 
o ])('n(‘planation. In nuiny phiccss tlu^ lali'r!t(' or ba.uxiU' 
l(‘posi(s a,r(‘ at- I1 h‘ surliuu', wliicdi is tluni only spa-rs(dy (x>v(‘r(Ml 
vith v(‘g(‘i.ation; in ollu'r ])la(H‘s a varying thickiu'ss of soil 
iov(u-s (b(‘ hit(‘ril-(‘. (huKU-aliy, (Ji(‘ surliuu' a,nd upp('r'port ions 
>f tlu' lal-('ril,(‘ or bauxite' an^ hard and induratud, in most pla.c('s 
ls t.b(^ r(‘s\dl; of intilt I’at ion and ocuiHuitat ion by iron oxidi^. 
A^ith (h'pt.h, tJu' laturitu or bauxite' b('(a)in(‘s softiu* a,nd aJ- th(‘ 
)asc it is g(ui(‘rally moch'raJedy sofl^ and grade's into th(' unde'r- 
ying clay or litJiomarg(L In place's, irn'guhir pe'nciLlike' pro- 
('ctions ('xti'nd downward from tlu' l)as(' of tlu' late'rite^ into tlu^ 
day, or (ds(^ \''{‘sicular masse's of bauxiti', or a rct-iculat-e'd lu'twork 
)f bauxite' pe'ucils iinpn^gnate's the uppc'r part ol the lunh'rlying 
day. (S('(^ Kig. 19.) 
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Laterite blanket deposits range in thickness from less t,han 1 
foot to 75 feet or more. The average is from perhaps 5 to about- 
20 feet. Horizontally, the deposits may extend from a i'ow 
hundred feet to several miles. The entire layer, except, for 
variations at the immediate surface or at the hasc^, may b(^ 
fairly uniform and consist of high-grade bauxite, ferruginous or 
siliceous bauxite, bauxitic or ferruginous clay, or iron orc^ 
On the other hand, there may be a variation both vtudically and 
horizontally with the individual constituents lying in well- 
marked layers or being irregularly intermixed. Th(^ laycu-ing in 
laterite in some places, for example in India, is described as 
being quite regular and uniform over large areas.’ 

The age of surface deposits of bauxite may vary considerably 
in different districts. Many of the deposits are forming iii 
the present day, these being mainly the low-l(‘V(‘I p(m(‘i)hiin 
deposits. The plateau or high-level deposits w('r(^ fornu^d 
during long periods of peneplanation preceding th(*ir (^I(‘va.i.ion 
and such elevation may have boon fairly recent or may dat(i 
back to Quaternary or even Tertiary time. 

Among the more important localities in which bauxii-(^ and 
laterite deposits are found in the form of surface blanlod.s ar(‘ 
India, the East Indies, New South Wales, Vict.oria, W('s(-(‘rn 
Australia, Seyschelles Islands, Madagascar, Mozambi(iu(‘, Nyasa,- 
land, Nigeria, Kamerun, Togoland, Gold (V)ast, b'nmch GuincNi, 
Brazil (Minas Geraes and Maranhao) and th(‘ eoloni(‘.s of 
French, Dutch, and British Guiana. 

Interlayered Deposits. 

Most layers and lenses of bauxite or laterite interbeddc'd with 
sediments or lying between sediments and igiu'ous rocks a,r(‘ 
what might be termed “fossil deposits.” Tliey n'pr(‘S(‘nt sur¬ 
face blanket deposits of past geologic ages that hav(‘ hvvu sub¬ 
merged subsequent to their formation and Imve had d('posil,(‘d 
upon them successive beds of later sediments. 

As far as texture and composition are conc(‘rned, ini.(‘rb('dd(Ml 
laterite deposits resemble the surface lat('rites closc'Iy, oxcrpl 
that they have a tendency to be harder, more compact, and mon' 
indurated and have less combined water. Thc'y show th(' saim* 
variations in grade, however, and have the same' impuriti(‘s. 
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In many places the rocks in which the laterite and bauxite 
lyors and lenses are (imbedded have suffered deformation, 
/ith resultant folding and faulting of the laterite or bauxite 
lyers. 

In age, the interbedded bauxite layers range from Paleozoic to 
Quaternary but, apparently the most widespread and intensive 
iiteritization pc-riods occurred in the Middle Cretaceous and in 
ho Low('r Iilocene. (Hee Table 3.) 

The ohk'st laterites, as far as our present knowledge goes, 
,re those of the Tikhvin district in northwestern Russia which 


Ferruginous /offerFFe 



Fig. 1H.—of i)jirt of typicnl latoritf* plnt(*nu (in India) with hauxiln. 

(/l//rr Fo.r.) 

forniod at iho oud of Devonian oral ih(‘ be^innin^- of Low(‘r 
'ai’l)()nif(‘r()us tinuh d(4)osits consist of low-^rado fer- 

uii;inous a,nd silic(‘ous lat('rii(' with some bauxite, and occur 
.s l(‘ns(‘s a.l()nt>; a d(diiii(-(‘ siraii^Taphic horizon with Low(‘r 
'arbonifcu'ous partly consolidali'd clay and sand ov(‘rlyinf>; 
h(un and Devonian niicac(M>us clay and sand uiuh'rlying iluun. 

N(‘xl, in a^’(‘ ar(‘ (,h(‘ diasporic clay occurr('iic(‘s of (aisi- ctuitral 
dissouri. Tlw dia-sporic clay is found as irn^gular inass(‘s in 
»()ck(‘ts of Hint clay (uiclosed in th(‘ (di(‘rok(‘e Sandsioiu' of 
kmnsylvanian (lJj)j)(‘r (kirbonif(‘rous) af>;('. Th(‘ sandst-oiu' 
^ith includ(ul clay pocktds is found in sinkhok'-like deprt'ssions on 
ho surface of i-h(^ Jcd’h'rson (hty and Gasconade' dolomitt's ol’ 
)rdovician aged The Hint clay pockets art' numt'rous but 
^ McQunsN, n. 8. iind (t \l. Foitiirs, “'Hk' (J(‘<)logv and Minlnp; of 
liasiKiro aaid Flint, Fin^ (1a,ys of Missouri,” Trims. Am. Insl. Mim'iu/ 
fci. Eng.., Now \h)rk nuadin^, February, 1928. 
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small, ranging from 75 lo 100 IVhU, in (liam(‘U‘r a,ml Jivc'ri'iging 
about 50 feet in depth. 

The oldest bauxite of Mesozoic age is that of (Ik^ Vcdebit 
Mountain region in Croatia which is found in U})p(‘r Tria-ssie 
rocks. It occurs as impure lenses in the Kaibl(*r linu\y, 
ferruginous sandstones which are overlain by Hauptdoloinit of 
Upper Triassic age and underlain by the W(mgon(u* IxmIs, also 
of the Upper Triassic, or by the Muschelkalk of tlu^ Middles 
Triassic, 

The bauxite deposits of the Bihar Mountains iji w(\st(n'n 
Rumania are probably of Lower Cretaceous age. Th(\y (xuair 
as irregular sheets and lenses lying on the uneven surfac(^ of 
the Malm (Upper Jurassic) limestone. A thin IxhI of dark- 
colored limestone of Lower Cretaceous age iinnu^diatcdy ov(‘rli(^s 
the bauxite, and this is overlain by later limestones or by (u-upti v(^ 
rocks. Locally the dark-colored liim^stone is abs(‘iit. 

Of approximately the same age as those of tlu^ Bihar Moun¬ 
tains are the bauxite deposits of Ariege in the nortluu’n part of 
the Pyrenees, France. These deposits arc in tlu^ form of txxls 
and lenses along the contact of Jurassic dolomites and ov(‘rIying 
limestones of the Urgonian or Aptain (Low(u- (h’(^i,a(X‘()us). 

The bauxite deposits of the Middle (h-etaceous im^hidi' thosc^ 
of southeastern France, central Italy, soui.hwestc'rn MoniniH'gro, 
Greece, and perhaps, also, those of w(\st(‘rn irunga,ry. 

The deposits of southeast(u*ii krauce (’xt('nd dis(‘()ntinuously 
from Herault eastward through Bouehes du IBiom^ ;ind \'a,r to 
within 50 or 60 mil(^s of the Italiaji hnvdvv. Wlxavvca' tlxar 
geologic relation is evident, the deposits consist of Ixxls or l(ms(‘s 
usually lying on the eroded surface of liimsstoix's of L()W(‘r 
Cretaceous or Jurassic age.' In many place's tlx'y li(' on (irgo- 
nian (Lower CKd^aceous) limesliOiu's, ('Is(uvlH'r(' on N('o{X)mia,n 
rocks, and in still other place's on roc^ks of tlu^ Ma,lm (Lpp<‘r 
Jurassic) or Lias (Lower Jurassic). Tlx^ (k'posits a,r(' proba-hly 
all older than Cenomanian (Middk' (^irpKX'ous), all hough 
Cenomanian limestones do not always form tlu' (tapping roc,k, 
which may be Senonian or Danian (Uppc'r Cn'tacx'ous) or (‘vc'ii 
Eocene. 

It seems, theicfore, that the bauxites of soutlu'iastcu’u kh’aiux' 
were probably formed during an erosion inlmwal in Albian 

^ Pavlovski, a., ‘'Loh Rauxitas Fran(,‘a.is(^s,’’ .lulos (llxirlcs (‘t A. Bnnx'r 
Puns (1925). ' 
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(Middle C^rotaceous) time and that they are probably residual 
products left by the decay of Albian, Aptian, and Urgonian 
liinestonc^s, and in some places, where weathering was very 
active^, oi N(H)C()Tnian or Jurassic rocks. There is some question, 
liowevc'r, wlndJun* sc'diments were deposited in early Albian time 
or wh(^th(‘r lateritization extended throughout the Albian period. 
Alt(‘r iho. bauxites (ormation at the close of Albian time, sub- 
nKU'sion occurred and Cenomanian and younger limestones 
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C. \ * 'down info ferruginous 

;'••••/ ,!Offerific c/ay and soil 
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down fnfo c/a^ 

111. Scclioti of ferruginous lalcrilic l)a,uxif(* {li‘i)o.sif in in’uzil. 


wviT (l('p()sit(‘d ov(‘r tli(' iK'wly formed baiixii.e. That C-ono- 
inaiua,!! rocks a,r(‘ not, uiiivc'rsally pr(‘S(‘ut as capi)ing rocks of the 
l)auxit(‘ d{‘p()si(s is probaidy du(‘, in part-, to noiwleposit-ion and, 
:n i)a,rt, (o rcmiovaJ during ('rosion pc'riods subsc^liumt to 
^ '('noma,Ilia,n tiiiH'. 

Th(' bauxil(‘s of tlu' Aix'niiiiK's in c('nt,ra,] Italy occur c'ast- of 
[tome and north of Na,pl('s. Tli(‘y ai‘(' in tlu' form of bc'ds and 
.('ns('s a,ss()ciat('d with linu'stoiu's of ('('nonianian and Jhironian 

ig('. 

Tlu' ba,ii\il{‘ <l(‘posils in t lu' I’cgion Ix't wc'i'ii Kotor (('atlaro) 
uid Niksic, soiithw('st,(‘im Alontc'nc'gro, occur as lens('s and 
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irregular bodies underlain by Lower Cretaceous limestone and 
overlain by Middle Cretaceous limestone. Many of theiii are 
of considerable extent horizontally and protrusions cxlx^iul from 
their lower surfaces into pockets in the underlying linu^st^one. 

The bauxite deposits of Greece arc located on the Gulf of 
Corinth. They consist of layers and lenses underlain by Lppcu' 
Jurassic limestone with nerinees and overlain by Uppca* ( nd.a- 
ceous rudistic limestone. The gap they occupy, UwivUnv, 
embraces the middle and early parts of the C'ret/ac(H)us pcu’iod. 


The Hungarian bauxite deposits occur north of Lak(^ Balaton 
in a northeast-southwest belt that extends to within a short 
distance of Budapest. They were formed during tL(^ time 
interval between the deposition ol the Dachsteinkalk or ol 
Hauptdolomit, both of Upper Triassic age, and the Uo(u>ne. 
They, therefore, occur in a hiatus that represents a v(uy long 
geologic time interval embracing both the Jurassic and ('r(‘ta- 
ceous, and it is not possible to say whether they are reIat(Ml in age^ 
to the French bauxite of the Middle Cretaceous, or wh(dh('r 
they should be referred to the Istrian and Dalmatian bauxites 
forming period of the early Eocene. 

The bedded bauxite deposits of Lower Eocene age are wi(i(‘ly 
distributed and present a great range in physical and ch(‘inie,jil 
characteristics. They comprise the bauxites of Dalmalht, 
Herzegovina, and southern Montenegro in Yugoslavia,, (-h()s(‘ 
of the Istrian Peninsula, Italy, those of the Barecdona, n'gion, 
northeastern Spain, the Jammu deposits of Kashmir, north¬ 
western India, and the bedded bauxites of cumlral and soutii('rn 
Georgia, southeastern Alabama, and north(^as(,(n’n Mississippi 
in the United States. Probably the bauxite deposits of (^(‘n(ra,l 
Arkansas are also of this period. 

The principal bauxite deposits in Dalmatia and n(‘rz(‘govin}i 
occur as lenses, usually underlain by alv(M)lin(^ liuH'slom' of 
Lower Eocene age and overlain by the ‘‘promiiia, IhmIs” of (h(‘ 
Upper Eocene, consisting of thin bedded limestoiu's and linu'stom^ 
breccias. In many places the alveoline liim^stoiH^ is al)S(‘nt 
and the bauxite lies directly on the rudistic liim^storu', (he 
uppermost Cretaceous of this region. Although commonly (he 
Yugoslavian deposits are in the form of in(,(U'b(‘(ld(‘d l(ms(‘s, in 
many places the upper surface of tlu^ muh'rlying liim'sfones 
has been rendered uneven by erosion and solution, and bn,uxi((‘ 
fills the pockets and solution cavities on this uneven surfa.ee. la 
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such cases the bedded deposits grade into pocket deposits, 
vhich will be discussed later. 

The bauxite of southern Montenegro occurs in the region of 
3ar and Ulcinj. It is found as lenses and irregular bodies along 
he contact of the rudistic limestone and the overlying miliolid 
imestone (Eocene). There are also pocket deposits in the 
udistic limestone. 

Most of the Istrian bauxite deposits are pocket deposits occur- 
ing in solution cavities in the rudistic limestone (Upper Creta- 
eous). Usually they are found at the surface or are covered by 
inly a few meters of soil. In a few places, however, they are 
inder several meters of JCocene beds, generally Nummulitic lime- 
tone. Their occurrence at or near the surface is in most places 
:ue to the nearly horizontal Eocene rocks having been removed by 
rosion, leaving the bauxite exposed as lenses on the uneven sur- 
ice of the underlying rudistic limestone and in pockets within it. 
The bauxite of the Barcelona district occurs in the form of 
ockets and irregular lenses on the iimwcn erosion surface of 
Tiassic and Lower Eocene limestones. Cretaceous and Jurassic 
Dcks are absent in the bauxite areas. The deposits are covered 
dth a thin layer of soil and no capping rocks are in evidence. 
The bauxite layer of the Jammu district, India, ^ occurs at the 
ase of the Eocene. It is overlain by the Sabathu coal beds 
Koceme) and underlain by Jurassic limestone, from which it is 
^parat(Kl, however, by a layer of siliceous breccia. 

In southeastern United States, a bolt of Eocene bauxite-bearing 
'(linuminS runs from central Georgia through southw(\st.(4-n 
-eorgia and southern Alabama into northeastern Mississii)pi.‘-’ 

'Fox, ('. S., “'rii(‘ Hnuxii(‘ niid Aluniinoiis Ljil(‘rii(' {)c<*urn'rj<*(\s of 
idin,,” Mcui. (h'oL Svrvvy Indui, 49, !*<.. 1, 102 104 (U)2^U, 

“('ooKi'i, W., “Th(‘ C’(MK)zoi(^ FoniuUions,” in “(Urology of Aijibiuiui,” 
; (}. 1. Adunis, (djjis. Butts, L. W. St{‘i)lH‘nson, and W. (’oo!<(‘, UcoL 
irvvy AUibatniiy 251 207 (102()). 

RuTTcii'Mi, R. F., “'Tlio Bauxite Deposits of Bouthoasterii Alahania,” 
zori. (rCioL, 20, No. 7, 071 (ISO, Nov(anl)or, 1925. 

BuitciiAUi), L. F,, “Bauxites in North(aist(M‘n Mississippi,'’ Ft S. OenL 
rm>!i IhdL 750-G (1925), 

Moiisk, P. F., “Th(5 Bauxite l)ci)osits of Mississip])i,” M 
(lie (icol. Siirveip Bull. 19 (1923). 

Adams, (1. 1., “Bauxite Deposits of the Southern States,” Earn. (ieoL 
, No. 0, 015-()20 (1927). 

SiinAiii-ui, II. K., “A Report on tlie Bauxite and Fullers Fartli of the 
)a,stal Plain of Georgia,” Ocol. Surveij Georgia Hull. 31, pp. 123-132 tl917). 
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These sediments vary in character so that no sinftie strai.iim can 
be readily followed throughout their extent. In Willcinson 
County, Georgia, at the northeastern (uul of tliis belt,, (,he 
bauxite deposits occur at the base ol the I'iowuie. I hey <)V(u'li() 
Lower Cretaceous clays and are overlain hy sand and (day of 
Jackson age (Upper Eocene). To the southw(!st in Sundvr and 
Macon counties, Georgia, the bauxite beds occur at or laoir (.h(( 
top of the Midway (Lower Eocene), tadug ovcndain by ihe Wih^ox 
(Middle Eocene) clay and sand. In soutlu'aslcu'n Alabama, 



Fig. 20,' —^Loadinp; bauxite iii an ArlcaiiHan liiiuxib' miiu',- ma(('rial huH Ix-imi 
blasted preparatory to loadinjii; by Hleiiin sli()\('l. 


bauxite beds and lonst'sare assoeial f'd wit h 1 1 h‘ N.*th(‘()ln. forinn i ion, 
the upperniost nunnber of the Midway jiirouj). Tlu' Nalu'oln, 
formation is overlain hy Wilcox b(‘(ls. In (‘ast(‘rn Mississippi, 
the bauxite occurs at the top of (4u' I^)rtcrs ('rfu'k cla.y of (In' 
Midway group or at the base of th(‘ iinin(Mlia,(-(‘ly ov(M‘!ying 
Ackerman formation of th(' Wilcox group. 

Thes{‘ bauxites occur usmilly as nunhu’adcly (hin sluads of 
considerable horizontal extent and gf'iKU’aily an' umh'rlaiii aaid 
overlain by clay. The contact with tlu' ovc'rlying day is usmilly 
quite sharp, while that with the undt'rlying clay is gradaliouai. 
Frequently the underlying clay is liauxitic. clay, comj)aid. or 
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Disolitic. In a few places, as in southwestern Georgia and 
loutheastern Alabama, the deposits are in pockets, probably 
)ecause limestones that are associated with the clays under- 
ying the bauxite horizon have by their solution formed an 
iiKwc^n surface. 

Th(^ bauxites of tlu^ Ilocene in Georgia and Alabama differ 
rom th(^ Ifl()C(ui(‘ bauxii.es of Europe, in that they are usually 
vhit(^, low in iron oxide* and high in combined water, while those 
)f Europe ar(^ g(‘n(^rally dark red, high in iron oxide and low in 
sombimul wat(‘r. The bauxite deposits of Mississippi are of low 
;rade, being high in silica and iron oxide. 

The bauxite (k^posits of Arkansas occur in Pulaski and Saline 
lounties, south and southwest of Little Rock. In this region 
here are intrusive masses of nephelinc syenite, surrounded and 
n part overlain by Eocene (mainly Wilcox) clay and sand beds, 
duch of the bauxite occurs as a blanket on the uneven surface of 
h(', neplu'line syenite masses and is covered by Eocene sediments, 
n a f(*w place's, layc'rs or lenses of detrital bauxite occur 
Qt('rb(Ml(l(*(l wilh I^loee'iie sediments.^ (S(h^ Pig. 14.) 

TIk'H* ar(^ no important interbedek'd laterite (k'posits of later 
,g(^ tluiii lhos(' of ili(^ lOoeeiH^ but a few minor occurrences of 
tnpun* bjiuxite, such as those of County Antrim, North Ireland, 
,nd t.hos(' of th(^ Vog('lsb('rg Mountains, Germany, date fron\ 
h(' middle or laU' Tertiary. It is possil)le also that some of 
h(' lab'Hte blanlo't deposits previously (k'scrilx'd dat(^ back as 
ir as (lu* lat(' T(*rtiary or ('arly (Quaternary but hav(^ no ov(‘rlying 
('diuK'ids <() ind{e.a,t(' tlu'ir age* because they hav(^ not suflVn'd 
ul)in('rg(‘n(*(' sin(‘(' llu'ir foi’imition. 

Tl'.(' inn,in bniixih^ deposits of ( dunty Antrim - occur as irn'gular 
'ns('s or mn,ss(‘s in Uh* 1 n((‘rba,sa,l(,i(; Zoik*, a formation (Consisting 
f impur(' iron ori*, bauxit(', h'rruginous clay and lithomargx*, 
it,('rlay(‘r(‘d b(‘tw('(‘n tin* Upp('r and Low('r Rasalt of lal(‘ Ikicu'iu* 
r ()ligo(c(m(‘ ag('. Oik* or monc thin layi'rs of similar mat(‘rial 
(‘(‘ur in th(‘ Low('r Ua,sa,lt-. Tluc ba,uxit('S ar(' ierruginous and 
ili(c('ous ma,t(‘ria,ls of low gi’adcc b(cli('V{'d to b(' mainly t-h(* (k'eoni- 
ositlon prodiKcts of basalt-, dduciac are also, howt'vt'r, pakc 
' IIavss, \V,, “Th<* Arkimsjis B}uixit(‘ Dc'posiis,” U. S. Sirnri/ 

1 Ann. Rrp. Ill, 1^7 172 (11)01). 

Msai), W. Origin of tlu* Hnnxilt^ D(‘i)().sits of 

rk;in,sn„s,” Kean. (rcol. 10, No. 1, ‘iS-rvl, Jnnuai'y, 11)15. 

“(k)LK, (1. A. ,1., “Tli(‘ Int,(‘rI)n,sa,lU{* liock.s (Iron ()r(‘s n.n(l Ikiuxitiss) of 
(orth-Ninst Irc'Inml,” Mctn. (fcol. Surven Ireland (11)12). 
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siliceous bauxites, probably derived from the woatherin/i; of 
associated rhyolite flows. 

The bauxite of the Vogelsberg Mountains^ occurs in ferruginous 
clays derived from the decomposition of basalt flows of Up{)(U’ 
Miocene age. For the most part it is in the form of nodules and 
fragments imbedded in terra rossa or variegated (chiefly n^l) 
clays. Brown iron ores in irregular segregations are abundanl.ly 
associated with the bauxitic materials. 

Pocket Deposits, 

Pocket deposits of bauxite have been mentioruHl as occurring 
in association with certain interbedded bauxite layers and l(ms(\s. 
In this association they represent irregularities in tlu^ surfaces upon 
which the bauxite was formed. In many places bauxites pocked.s 
are directly connected with bauxite layers or lenses as (^xtemsions 
from their lower surfaces into cavities on the u])per surfa,(H‘ of the 
stratigraphically underlying rock, which is gemu-ally limc'slone. 
Elsewhere, the pockets are scattered irregularly or occair in 
groups, unconnected with bauxite layers or lenses, whi(di, if 
they ever existed, have been removed l)y erosion. Kuch sca(4.(‘r('d 
pocket deposits are very abundant in Istria. 

Besides pocket deposits in limestone, there are pock(4- d(*i)osiis 
occurring in northwestern Georgia, northeastc^rn Alabama,, and 
eastern Tennessee, the geological relations of whi(4i an* not, so 
clearly defined. These pockc'ts an' found in clay in a,r(*n,s 
underlain by Cambro-Ordovician dolomite, a,nd f lu' (ilays 
enclose them have generally l)('('n pn'sunH'd (.o Ix' n'siduaJ (days 
derived from the decomposition of tlu^ dolomite'. Ma,ny of t h(' 
pockets, however, have associatcKl witli tlumi massi's of lignite' or 
lignitic clay, which could not be re^sieliial from the' Gaanbro- 
Ordovician dolomite, and this k'aels to t he' susj)ied()n t hat, pe'iduips 
some of the clays enclosing the bauxite' are' notr re'sidiial but, 
sedimentary clays, possibly of Tortia-ry ago. The' ba,u\ito 
layers and lenses of central and soutlu'rn Ge'orgia, a,ml south¬ 
eastern Alabama are interbedele'd with lOoex'ne' (days, as a.lr('a,dy 
mentioned, and perhaps a sonu'what simihir n'lation e*xist,s 
between them and the nort,h (h'orgia pocke't, (l('i)()sit,s a,s e'xists 
between the bedded bauxite of the' Aelriat-ie re'gion a,ml tdie^ 
pocket deposits in limestone of Dalmatia and Istria.. 

1 Hakuassowitz, H., ‘‘Lateriic, Miimdal inid Vc'rsiudi ('nlRvschichtliclK'r 
Auswertung,” Geh. Borntraeger, Borlin (192()). 
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Tho pocket deposits of bauxite of both types generally show 
larp contacts with the enclosing limestone and clay, but some 
‘ the deposits in clay have walls of bauxitic clay high in alumina, 
id such occurrences may be gradational, just as the bauxite 
yers of central Georgia and southeastern Alabama sometimes 
LOW a gradation into the underlying clay. The pocket 
^posits in limestone in many places show knife-edge contacts 
ith the enclosing rock, but locally a thin cushion of terra rossa 
ed earth) intervenes. The shape of both types of pockets is 
regular. Some of them are approximately cquidimensional 



LU.—Ikiuxito rnino n(‘ar Wrih'y, upper surface of Ijjiuxitt' shown 

by iiuin’s luit. al l(‘ft of picture. 


t most of th('m an' irn'gularly pod-shaped. The manru'r in 
lich tlu^y cut across th(‘ bedding of the ('iiclosing rocks and 
eir arrangtniu'ni. in groups indicates tlu^ possibility that they 
r fillings of solution caverns or caves. Adams has sugg(‘st('d 
it the north(‘asterii Alabama pocket (h'posits an^ sink-hoh' 
ings.' In som(' of flu' Istrian bauxite pockc'ts, stala(^(it(‘s of 
Astallino calcite are found locally along th(' walls. 

itrital Deposits. 

Detrital bauxite deposits may occur in association with 
uxite d('posits of any of th(^ other types. They may be talus 
Adams, (hco. 1., “The Poriiuition of Bauxite in Sink-holes,” Econ. 
18, 410-412. 
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accumulations on slope's Ih'Iow ()utcroi)])iiig hjiuxile' serarps, l]wy 
may be stream gravels or sands, or tlu'y imiy 1 k' inoiv oi* le^ss 
continuous layers occurring either at the surfaces or int('rlH‘<l(l(‘d 
with contemporaneous sedimentary rocks. In ag(^ tJu'y ranges 
from very recent surface accumulations, such as looser boulders 
below laterite outcrops in the tropics, to int('rbedd(Ml s(‘dim(‘nj,ary 
accumulations of Tertiary ago, as in Arkjuisiis. In India, 
surface detritai accumulations of bauxite appe^ar to be' of (Con¬ 
siderable importance and many of tlunn anc old (enough to hav(c 
suffered a fair degree of consolidation. It is sl-al-(‘d by ld)x‘ that, 
in general, they are of higlKcr grade than tlu' original (h'posilns 
from which their materials mm d('riv(Hl. 

ORIGIN OF BAUXITE AND LATERITE 

The hypotheses that have bcH'ii advan(c(cd to ('xphiin tiu' 
origin of bauxite may be grouped under thr('(' main h('adings: 

1. Chemical sedimentation, 

2. Weathering in situ. 

3. Detritai deposition. 

In the past, many gnokjgists have C()nsid(‘r(‘(I i<. n('(c(‘ssary to 
explain bauxite deposits as originating by ch(mii(cal s(‘dim(‘nta,l.ion, 
thermal springs or springs highly charged with e(‘r(.ain snJl.s or 
acids being the agents of deposition. In r(‘e.(‘nl. y(‘n,rs, h()W(‘V(‘r, 
the role of weathering proc(css(cs in th(c forimtl-ion of l).'uixi((‘ :ind 
related deposits has Imen more ckcarly r('(U)gniz(‘d, jind although 
even now some geologists l)('li('V(' iliat (C(‘r(jiin d(‘posi(s a,r(‘ 
formed by chemical s(ulim('ntalien, th(‘ g(‘n('i\aJ of)inion is lha,(. 
most bauxite deposits arcc ivsidind pi'odiKcl.s n'siihing from (h(‘ 
intensive weatlmring or laleritization of va,rioiis rocks. (\‘r!ain 
minor bauxite deposits are known (o Ix' of d(‘lri(;d origin, Ixmig 
the result of the mechani(cal (comumlration of l)a.uxi((‘ fi-agiiKmls 
and particles derivc'd by disinh'gration from })n‘viously (‘xisling 
bauxite deposits. A lew gc'ologists l)(‘Ii(‘V(‘ lhal (‘V(m sonic of 
the more important bauxit(' (k'posits n.re of (l(*(riln,l origin. 

Chemical Sedimentation. 

The important bauxite deposits of soutlu'rn Unih'd S(a,((‘s, a.s 
well as those of France, although now gniKu-ally (considcnMl to Ix' 

^ Fox, C. H., BmixiUMind Aliiinitioii.s I.nlcriU'()cciirn'nc(‘.s of India,” 
Mem, GcoL Survey India, 49, Pt. I, 8() 37 {M)'i3). 
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ii’itic in character, have, in (,he pavst, been explained by a 
liber of geologists as being the result of chemical sedimentation, 
^bquand and Auge^ believed that the French bauxite deposits 
ulted from the action of hot springs and geysers in Cretaceous 
es or estuaries. They assumed that hot springs supplied the 
miniim salts which were precipitated and were deposited 
ng with other sediments. 

b Meunier- had the opinion that salt waters penetrating 
ough cracks into the earth and, becoming heated at a depth, 
solved aluminum and iron from ferruginous and aluminous 
ks in th(^ form of chlorides. These waters, issuing from vents 
the bottom of bodies of water in which calcareous sediments 
'C being deposited, reacted with the calcium carbonate, 
ruing calcium chloride and depositing aluminum and iron 
des. 

b W. Hayes*^ in his study of the bauxite deposits of northern 
irgia came to the conclusion that surface waters penetrating 
considerable depths, particularly along fault planes, came in 
.tact with shah'S containing pyrite. The oxidation of the 
‘it(' h(' Ix'lieved r(\sult(Hl in the formation of iron sulphate and 
‘ sulphuric acid, which upon being dissolved in the water, 
Licki'd the aluminum silicates of the shale, forming free silica 
I aluminum sulphate. The aluminum sulphate in solution, 
y(\s b(h(‘V(xl, on rising to the surface and coming into contact 
h linu'stones would redact with calcium carbonate, forming 
_*him sulphat(^ and aluminum hydrate, the lati-<u* being 
)osit('d as a g('latinous precipitate. 

n (‘xplaiiiing the origin of the Arkansas bauxit-(', FIay(\s‘ 
ow(‘(l a, lin(‘ of iH^asoning similar to that- us(‘(l in t lu' (;a,s(‘ of t h(^ 
)rgia, and Alabama bauxit/(^ II(‘ b('li('V(ul that th(‘ symiit-c^ 
•usions, while still hot, w(U‘e acted upon by sc^a watc'rs or 
('(xn’ANi), M. ir., ‘‘Surl(‘s Bnuxil.os do la (diniiKMlt's (Bouclu's du 

)ii{‘) (‘t l(‘ur ^z;dol()gi(nu*,’’ lUdl. .sor. (jcol. Fnincr, *Jiid S(‘r. 28, 
I If) (1S7() 1S71). 

Aiunt M.j Not(^ Hui' la, l^nuxil(‘, son orijijiiH', son a^’(* (S, son iin])()i‘lnn(*(‘ 
Hull. soc. (/col. Fr(nu'(\ 3rd Stn*. 16, 3-15 (ISSS). Both authoi's 
[1 by Ij. Watson. 

MsuNiini, S., (uUmI by It. Sylva,iiy, “Banxit(‘,” Mciol huL, pp. 103 d()7, 
0 30, 101(3. 

IIayios, (J. W., Ilonu^ Kobo, 7S, (}(X)lo^i(^ Allas of tin* Knih'd Stat<\s. 
'■). (h'ol. Furvci/, 1002. 

IIayios, C. W., Ba,uxi{(* I3(^))osil,s of Arkansas,” 21st Ann. Rep., 

S' UeoL Eurvei/, Pt. 3, 441-172, 1001. 
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alkaline waters which becauK' heavily char^’od with consi itiionts 
of the syenite. Upon rising* to the surface, i.lu‘se waters actc'd 
further upon the surface of the sycuiiU^, resulting in tlu' l(‘aching 
of silica, lime, and alkalies, leaving alumina and iron ami deposit¬ 
ing additional alumina which was taken into solution at (h‘pths. 
This alumina, he believed, in part, was deposited in place' of 
silica, lime, and alkalies removed and, in part, was ])r(M‘-ipitat('d 
on the surface of the syenite, forming a gelatinous deposit. 

Later work by Adams^ and Rettger^ in Alabama and C}(M)rgia, 
and by Mead^ in Arkansas, has resulted in devtdoping more^ 
convincing hypotheses for the origin of these bauxites deposits 
than those proposed by Hayes (sec pp. 94 and 96). 

Recently, Shearer and Nelson have advocatcul the origin 
of bauxite deposits by chemical sedimentation, Slnuinu** 
believes that the bauxite deposits of the Georgia C 'oastal Plain ar(^ 
the result of hydrogen sulphide solutions acting on clay jjartich's 
during sedimentation. The hydrogen sulphide originated I)y 
action of free sulphuric acid on sulphides, the fre(^ sulphuric 
acid itself having been derived with sulphates by the aci-ion of 
oxidizing waters on disseminated pyrite in the rocks now iind(*r- 
lying the bauxite deposits. The hydrogen sulphide solutions, 
finding an outlet in the beds of lakes or lagoons in which (4ay 
was being deposited, became oxidized, forming sulphuric a(M(l 
which, attacking the clay particles, foriiKMl aluminum sul[)hat(\ 
The latter then became hydrolyzed by fn'sh hydrogem sulphide 
issuing from the springs and was pnunpitatc'd as aluminum 
hydrate. 

Nelson® concluded that the bauxite deposit,s of noriJi- 
western Georgia and eastern Tennessee^ W(u’(^ fornu'd in svvainpy 
areas on a Pleistocene peneplain from solutions which d(‘riv(‘d 
their aluminum by the action of sul])huri(^-a(5i(l-l)(‘jtring wnbu-s 
upon bentonite beds inUHayed with ()rdovi(ha,n liiiK'sloiH's of 
this region. Precipitation of aluminum hydra(,(', a(u*ording lo 

^ Adams, G. L, ''Tho Foriiaiiion of Bauxilr in Sink-holns," Eron. Urol 
18, 410-412 (1923). 

^ Hettokr, It. li/., 1 ho llauxil<y Dc^posils ol Soii(Ji(‘;i.sl(M‘n Aljihainji., ' 

Ec07l Gaol 20, No. 7, ()71-68() (1925). 

3 Mead, W. J., “Oocurrono(‘ mid Ori^'in ol BmixiU' I)(‘{)osils ol ArkiuisM.s,” 
Econ. Geol. 10, No. 1, 28--54, January, 1915. 

^Shearer, II. X., ‘ A Report on 11 h‘ Bauxite' juul Fullnrs Rarfh ol llu' 
Coastal Plain of Georgia,” (koL SurDC}/ (korgid, Hull. 31,123 132 (1917). 

^ Nelson, W. A., AppalacJumi Bauxite lJ(*posits,” Hull. Gcal. Hoc Am , 
34, 525-540 (1923). 
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^Ison, occurred by the action of tannic acid or other organic 
ids in swamp waters when the aluminum-bearing solutions 
iched the surface and mingled with these waters. 

eathering in Situ. 

In the weathering or decomposition of rocks at the earth^s 
rface, there is a gradual removal of the more soluble con- 
tuents; alkalies, lime, and magnesia going first, followed later 
silica, leaving iron oxides, titania, and alumina as relatively 
soluble constituents. It is, therefore, natural that many 
/estigators have come to the conclusion that normal weathering 
ocesses are the dominant factors in the formation of bauxite, 
■ruginous bauxite, and aluminous iron-ore deposits. The 
ceptance of this hypothesis is now so universal that the origin 
practically all the more impcyrtanf bauxite deposits of the 
)rld is ascribed to surface weathering processes with solution 
d redeposition of alumina and metasomatic replacement by 
imina playing minor although locally important roles. 

The abundant occurrence of bauxite and laterite in tropical 
scmiitropical regions and its scarcity or complete absence 
coldcn* regions is proi)ably due to the fact that the decom- 
•sition of rocks by weathering is most intensive and most com- 
>te in the foriiKn* rc'gions. In temperate and cold climates 
dnt(^grati()n becomc's progressively more and more important 
d decomposition k'ssso. Kven in the tropics, however, climatic 
nditions vary widely in dilTc'n'iit localith'S from th<^ arid con- 
:Ions of th(‘ d(‘S(‘i‘t regions t-o the moist conditions of tlu' rain 
Its. Th(ss<‘ fa(*(s (‘Xplain why bauxite' and lat e'ritc' elepeysits are^ 
^alize'el. Ohsen-ve'rs ha,V(‘ noticenl that, late'lltizatie)n is ine)st 
iH'ral wlie‘!‘e' the're' is a re^gular and distinct alteamation of wet 
d elry se‘ase)ns. 

Se)me‘ invesstigat-eyrs be^lie've that tiu' re'ineyval eyf soluble' mate'- 
ds is tlu' main facteyr in the' accuniulatieyn eyf re'sidual inseyluble' 
ck ceynst itue'iits intey lat-e'ritx' a-nel bauxite'. Otlu'rs be'lie've' that 
me' seylutieyn of e've'n the' meyre' inseylubh' suhstaneu's eyccurs anel 
al their subse'e|ue'n( re'eh'peysitieyn in jyeyre's and e'livities is of 
peyrtance' in the' feyrmatieyn eyf bauxite' elc'peysits. Organie'. 
encie^s, siiedi a-s hacte'ria, are' be'lie've'el tey assist in tlie' bre^aking up 
d elisseylving eyf tlie^ original mine'rals. JMe'taseymatlc re'placi'- 
'iit is meiitieyne'd iis eyne' eyf the' impeyidant jyreyce'sses in the 
.e'ratieyn by we'al.lu'ring eyf eyriginal aluminum-be'aring rocks 
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to laterites. It is probable that all of these processes are involved 
to a greater or less degree in lateritization or bauxitization. 

One of the first investigators to show the true nature of 
laterite was Bauerd He demonstrated, after a carc^ful exam¬ 
ination of laterite specimens from the Seyschelles Islands, that 
this laterite, consisting largely of a mixture of gibbsitc^ and 
hydrated iron oxides with or without quartz, r(d-ained tlie 
texture of the original granite, diorite or diabase, and app(^ared 



Pig. 22.'—Lojulinj? I);iuxit(^ by sb'iini .shovel in ArKnnsiis. 


to be formed by the alt(U’atioii in places of Uu’* origimil aluiuiiiuin 
and iron silicates to aluminum and iron liy(li*al(‘s, a,(!(!omp;ini(‘(l 
by the removal ol silic^a. Microscopic ('xajnina,lions sliow(‘(j 
that the outlines (jf tli(‘, original l(‘lds{)a,rs, a-nq)}iil)oI(‘s aaid pyrox¬ 
enes still existed in the laterite, but iluit tli(‘ir inlnriors coiisislcd 
of fine scaly aggregates of gibbsit(‘, with p(‘rliaps soin<‘ {Iia,sp()r(b 
stained along cracks and ck^avage plain's by infiltrations of 
hydrated iron oxides. Quartz when' pn'si'iit in tin' originaJ rock 
persisted in the resulting lab'rile, Haii(*r nolnd (In' grixit 
similarity between the laterite of tiu' Si'yseln'lh's Ishuids aaid tin' 
bauxite of the Vogelsberg Mountains, and in both c.asi's he 

^ Bauior, M., ‘-Boitrugo yaw (loologic (l(‘r H{\y.s(^b(‘Il('n, inslx'.soiub'iv zur 
Kennlnis (les La,tcribs/’ N v.ueA Jahrb., 11, l();t-2B) (IS<)S). 
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considered their formation as the result of leaching, the bauxite 
or laterite being left as residue, 

Holland^ mentions the possibility of bacteria being instru¬ 
mental in the deposition of aluminum oxides in the lateritic 
blanket deposits of India. He suggests that some low forms of life 
might have the power of separating alumina and using it in their 
life processes, their growth or their protection, just as calcium 
carbonate, silica, and iron oxide are used by organisms. However, 
his suggestions do not appear to have been based on detailed 
observations or experiments. 

Maclaren- accounts for the formation of laterite blankets 
by the gradual solution of silica and other substances and the 
deposition in place of them of iron oxide and aluminum hydrates. 
He is of the opinion that laterite or bauxite, instead of being a 
direct residual product of weathering, is rather a replacement of 
such a residual product. He believes that the solution of th(' 
recpiisite materials is accomplished by carbonate solutions and 
that ({(‘position occurs undcu' the influence of successive saturation 
and (l(\ssication resulting from slow movement upward and down¬ 
ward of the water tabU^ as a result of n'gulaiiy alternating wet 
and dry seasons. It is in this surface zone of alternating wetness 
and dryness that Maelanm b('lieves the laterit('. and bauxite 
formation takes place. The movennent, he h(di(W(is, is mainly 
through capillary openings and the alt(n‘nate solution and 
({(‘position taices plac(^ in the walls of th(^se same openings, 
(■(‘suiting in the concentration of th(‘ less s()lubl(‘ maU'rials 
constltid ing th(‘ lat(‘rit(‘. 

(Vuni)l)(‘ll,'* aft.(‘r a study of Iai-(‘ri(.izati()n in hr(‘ncJi (hiin(‘a, 
giv(^s tJi(‘ following (‘.ondilions most- rav{)ral)l(‘ to lh(‘ formation 
of lat(‘rit(‘, {(i) alternating w(‘t. and dry s(‘as()ns, (/>) a pronounc('(l 
dry s(^as()n, pr()vi({(Hl (‘uoiigh rain falls during th(‘ w(‘t. s(‘ason 
for abundant v(^g(^t-atl()n, (c) luxuriant. V(‘g(‘t.at ion and tr()})ical 
t,(‘mp(‘rature, ((/) fluctuating wat(‘r l(‘V(‘l not. far from t li(‘ surface, 
(c) g('ut ly sloping surfac(‘ of t li(‘ ground. 

(Iunpl)(‘ll b(‘li(‘V(\s that. t.h(‘ proc(‘ss of lat.(‘ritization inv()iv(‘S 
a solution of the more soluble materials during t]n‘ downward 

1 lloi.LANi), 1’. IT., “Tli(‘ C’onsliliition, Origin, iiiid I)('hy(lrMlion of 
(h‘nL Ma(j., Dcrado IV, 10, 5t) -iV.) (UHKU. 

“ MA(n.AimN, M., “On Origin of ('(‘rtain (rcoL Mag., 

Omido V, 3, No. 12, r)8()-547, Dvv.iun\)v.v, UKH). 

(Jami’hkll, ,I. Moiutow, “Tlu^ Origin of Laterite,” Tram, I ml. Mtriincj 
Met, En(j,, 19, 432-443 (1909-1910). 
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passage of surface water, thus causing a n^lative enriclnneni, 
of the less soluble materials, such as aluminuin hy(lrai<es and 
iron oxides, in the surface layers. In addition to this, he believes 
that certain of the less soluble constituents which are dissolved 
in the downward passage of the water, including both aluminuin 
and iron compounds, are redeposited at or near the hwcd oi' th(^ 
water table. Thus there is lateritization by the removal of 
non-lateritic materials in the upper part of the surface zom', as 
well as by the precipitation of lateritic materials in tlu' lowm- 
part of the surface zone. 

Veatch,^ one of the first to study the bauxite deposits of th(‘ 
Georgia Coastal Plain, believes that they are derived by l,h(‘ 
desilication of clay, through the action of alkaline^ carboruU<(\s 
or bicarbonates, such as NaHCO^, leaving aluminum hydrat(‘s 
as a gelatinous residue. He suggests that the alkali lu^ sol id, ions 
were derived by the action of carbonic acid on alkaliiu* sili(iat(^s 
or other alkaline salts in the overlying Tertiary sedinu'uts. 

Fermor,^ although he refrains from discussing the origin of 
laterite, indicates in his classification that he believ(\s Iat(U‘it(^ 
may form as detrital deposits, as chemical sedinumts, and by 
metasomatic replacement, but that ‘True lateriti^s’' an' Ihi' 
result of weathering in situ and the removal of thc^ moi-(‘ solid)1(^ 
constituents. 

Arsandaux'^ makes a comparison betwec'ii the ]a,l,(‘rit(\s of tlu^ 
Sudan and the Congo and the bauxite of sou{.h(*rn I^'ramu'. In 
the case of the tropical laterites, he Ix'liiwes that tiu' aK-i'rabon 
is the result of hydration of the original aluminum a,ml iron 
silicates. The aluminum silicates, he belii'ves, an^ alti'ri'd first 
to hydrous aluminum silicates which gimlually change' lo ka,o- 
finite, and this in turn probably to aluminum hydrad(\ ddu' 
iron silicates upon hydration are alti'n'd to ferric, hydra,f.e's. As 
regards the French bauxite, he finds that in f,h(' ordinary vari(‘ti('s 
the aluminum is present as aluminum monohydrate' bid. thaf, 
in the siliceous varieties the're is a ie'uele'neiy te> a, sligld ly highe'r 
combined water content than is required by the monohyelrafe'. 

^Vkatcti, 0., Report on tlie^ Bauxite De'po.sits of Wilkinson (lonniy, 
Geor^ijia, CfCol. Sur. (korgia, Bull 18, 4S()-147 (11)09). 

P'^KHMOR, L. L., “What is Laterite'?” (hud. Mag., De^eade' V', 8, Odoheu-, 
Noveinhcr, Dcejeiiibor, 1911. 

Arsandaux, H. M., “Contribution a lYSudc' eh' raileu-a,!ion d(‘.s roelu's 
sili{‘at(*(^s-aliiinineuse‘s dans les rej»;ions inteu-t.ropieaile's,” Ball. anc.. fran.^\ 
■mineml, 36, 7Q-110 (1913). 
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He finds further that the iron is mainly present as hematite 
with very little ferric hydrate. He believes that the low water 
content of the French bauxite, as compared with tropical laterite, 
is probably due to conditions, possibly climatic, subsequent to 
their formation. 

Lacroix,^ in discussing the formation of the laterite in French 
Guinea, notes the occurrence of two zones of lateritization, 
the lower or zone of leaching (zone de depart) and the upper or 
zone of concretion (zone de concretion). The two zones grade 
into each other, the action begun in the one being continued 
without break into the other, the main dilfcrenco being that 
in the lower zone much of the original rock texture is retained, 
whereas, in the upper, the original texture is almost obliterated. 
The lower zone is characterized by the elimination of most of 
the more soluble constituents, whereas the upper zone is charac¬ 
terized by the migration of iron oxide upward to form a surface 
crust, generally with pisolitic texture,, and by a tendency of the 
iron oxides and aluminum hydrates to segregate. He mentions 
three groups of rocks that react diffenmtly in the two zones (1) 
diabase, gabbro, and nepheline-syenito that give rise in the 
zone of leaching, with abrupt change and without transition, 
to gibbsitic laterite, which latter, in the zone of concretion, 
suffers segregation of iron oxides and segregation and recrystalli¬ 
zation of aluminum hydrates; (2) pcridotite that is altered in 
the zone of leaching to porous, ocherous, ferruginous laterit(\ 
which in the zone of concretion change's to a variety of con¬ 
cretionary forms of limonite and its colloidal ('(luivalent 
stilpiiosid('rite with partial dediydration to lu'matite'; (3) mica 
schist, giu'iss, and granite', which in tlu' zoiu' of h'aciiing change^ 
v(‘ry gradually to claye'y att.(‘ra,tb)n pi'oducts, so tha(. the' zoik^ 
is very tliick, becoming riclu'r in colloidal hydrate's in the uppe'r 
portie)!!. The changes continue's in the' zone' e)f concr('tie)n, 
re'sulting in thei fe)rmatie)n e)f bauxitic late'rit-e's, comme)nly with 
[)ise)litic t-e'xt,ure', in cont rast te) the' crystalline' te'xt ur'e' of gibbsit ic 
late'rite'S. While the' abe)ve is give'ii a,s the' ge'iu'ral mexh' e)f 
alte'rat-ion of the^ rocks nu‘nt.ie)ne'el, tJie're' are' e'xce'pt.ie)ns. Thus he^ 
me'nt.ie)ns the' oeaairre'neu' in many place's e)f clay as we'll as e)f 
gibbsit ie*, latea-ite' a,s an alte‘ratie)n product- of ne'pheline' sye'nit-(‘. 
Laea’oix state's his be'lie'f that ba,uxitic pise)lit-e's are concre'tionary 

‘ l.ACitoix, A., “ L(‘s Lnl('ril<‘s (l(‘ la (hiinoi* <‘l, l(^s Produit.s (raheM-aiioii,” 
l\<)uv. Arch, du Mas., 6, Paris, (P.)13). 
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textures developed in place and not the result of chemical 
deposition. 

In lateritic alteration much significance is attached by Lacnnx 
to the change from feldspar to aluminum hydrate, th(^ latter 
occupying in many places the original outlines of the feldspar. 
Such a change, however, may not be strictly an alteration in 
place, there being probably a certain amount of transhn*, 
rearrangement, and replacement of materials. This, howevcu’, 
is more particularly true of the iron in its change from ferrous 
and ferric silicates to hydrated oxides and oxides. 

Mead,^ who made a study of the Arkansas bauxites, concludcvs 
that they were formed by subaerial weathering processes, ratln'r 
than by the action of heated waters, as suggesi,{Hl by Mayess 
(see p. 87). He makes the following brief statemumt of their 
origin: 

Large masses of nepheliiie syenite were intruded into folded I\M,Icozoi(^ 
rocks and subsequently exposed at the surface by erosion. TlH^ bauxitti 
deposits were developed on the undulating surface of the syenite by 
weathering, and suffered considerable contemporaneous erosion by 
streams. The entire area was then covered by terrestrial sediiiKuits ol' 
probable Tertiary age and consisting of clays, sands, and gravels with 
lenses of lignitic material. The syenite areas, being more r(\sis1.ajit t-o 
erosion, stood in relief above the surrounding areas of soften* rocks on 
the Tertiary land surface, and the bauxite deposits sidlered (u’osion (U)n- 
temporaneous with the deposition of th(^ lowcu- TcrtiMry s(>dim(‘iits, 
resulting in the transportation of bauxite and its int(n’stra.titication witii 
sands and gravels around the border of the swniifn aiva and in topo¬ 
graphic depressions within it. Ilecent erosion has cul tlirough (lui 
Tertiary sediments exposing the umlerlying igneous nxiks and th(‘ 
bauxite deposits. 

Mead states that ‘'the bauxite and associat'd (hiys a-n* tin' 
products of surfaces weatlnn'ing of th(^ syenite by norma,1 pr()(n'ss(‘s 
of rock decomposition, and are in no sense clKunieaJ scalinumts.” 
The deposits on the surface of the syenit' ha,v(' (I(‘V(d()p(‘<l in 
situ from the syenite. This rock. Mead b('li(‘V(‘s, all(‘n‘d first 
to clay which was very porous as a lusiill, of the ivmova,! of 
much readily soluble material. On account, ol tlu’: [)()r()us nat ure* 
of the clay, he believes it was then furthe'i* alt.euvd to bauxit,(' 
under tropical or subtropical conditions by t Ik* re'iuoval of silie,a,. 

' Me. 4D, W. L, '‘Occurrence mid Origin of BiiuxiU' Oc'jiosits of Arkansas ” 
Econ, GeoL 10, No. 1, 28 54, Jiinuary, 1915. .’ 




23.—Opening up now doposii, British Cliiinna, sliowinK small amf)uiit 
of ovc'rhurdcm hc'in^ slrippod by imilo carts and cloaiied bauxite fac(‘ nvid.^- 
to mine. 


or amorphous t(‘xture. M(‘a(rs hypothosis is well supp()rt(Mi 
by field evidence. 

J^(‘yschlag’,' in discussing the structure and origin of th(' 
])auxit(‘ in th(‘ Bihar Mountains of Rumania, comes to th(‘ con¬ 
clusion that it originated in situ by lalfuitic w(‘ath(‘ring of 
limestoiKi deposited on a fornuu’ sea bottom that b(‘cam(‘ land 
at th(^ (md of Jurassic Bme. He l)elievc‘s it was fornuMl by 
soluBon and nnnoval of the calcium carbonate and the simul¬ 
taneous conc(mtration of the alumina, iron oxide, and silica 
originally present, without other additions. 

mBoYsciiLAcj, K., '‘Bauxit Vorkoinineu d(\s Bihar Ge])irg(‘s,” Z. deu(, 
geoLGes.lO 10(1018). 
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Adams^ discards Hayes’ h^ypothosis of the origin of (,h(> Api){i- 
lachian bauxite deposits of northwestern (ieoi’^>'ia and north¬ 
eastern Alabama by chemical deposition (seci j). 87), and 
suggests that they are probably alteration products of clay 
accumulations in sink-holes. This belief is basted on the pockei-- 
like form of the deposits and on the association with tlio bauxii.o 
of lignite and limonitic iron ore. 

Rettger- disagrees with Shearer in regard to origin of tlu^ 
bauxite deposits of the Gcorgia-Alabama (-oast-al Phiin n^gion 



Fig. 24.—Same deposit as shown in aflcr sovonil nionlhs’ ininiii|. 


(see p. 88) and believes that they origiiuded by flu' surfn,(^(' 
weathering of sedimentary clays. lie thinks thV (^l-iys uviv 
deposited in lagoons, lakes, and shallow (coastal walnrs, ;ifl,(‘r 
which the land was slightly (‘hwated so tliat it (‘xis|,('d ;is fa,irly 
low, flat plain. The upp(‘r portions of th(‘ day d(>f)osits w('re 
then exposed to weathering without b(‘ing subje(d. to imni(‘di;i,(,<‘ 
removal by erosion. Tln^ te!up(u‘atur(‘, R(d.tg(U' b(‘li(‘\'(‘s, w;is 
extremely mild. Ii(' says: 


Under these conditions th(3 clay was altenid to hanxitic cl.-iy .‘ind 
bauxite by the removal of silica and the addition of w!iI(t. 


^ Adams, G. L, ‘‘iho Formation of HauxiU' in Sinlv-hoh's," Emu Uni 
18,410-412 (1923). n. umi, 

MIettgeh, R . K., “The Bauxite Deposits of Soutlu'a,stern AlaJ)anui ” 
Eco7l Geol 20, No. 7, {)71 -086 (1925). ' 
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altering solutions are supposed to have been those ordinarily present at 
the surface, such as carbonic acid or humic acid, ... or possibly 
sulphuric or nitric acids. 

Kitson,^ who has made a study of the laterite deposits of the 
Gold Coast, gives as his opinion that they have been formed 
‘^from clay shales by the natural abstraction of silica, thus 
converting the hydrated silicate of alumina (clay) into aluminum 
hydrate (bauxite).” He finds irregular tubes of bauxite extend¬ 
ing into the clay underlying the laterite capping and believes 
that water charged with dissolving agents percolates downward 
along these tubes, '^decomposing the clay, bearing away the 
silica, and leaving the alumina.” He believes the dissolving 
agents to be "carbon dioxide, and perhaps humic acid, derived 
probably from decaying vc^getation.” KitvSon thinks that the 
iron oxide may have been added after the formation of the 
bauxite. 

Harrassowitz,*-^ after a careful study of the literature on 
laterite' and bauxite, as well as original work on the bauxit,e 
of the Vogc'lsberg Mountains and elsewhere in Europe', divides 
the' late'i’itic blanket de'posits into several horize)ntal zones similar 
te) those' of Lacroix. At the', base is the fresh rock. This is over- 
lain by the^ "ze)ne ejf elecompositiem,” in which the original alumi¬ 
num silicate mine'rals have altereel to siallite (hydrous aluminum 
silicates) with usually the retention of the original rock texture', 
ddiis grade's upward into the "mottled zone,” wlu're' allite' 
(aluminum hydrate) fenmiation takers place anel the original 
roeik te'xiure disappe'ai's. At the top of the late'rite' blanke't is 
the' iron crust-, porous anel ce'llular, with eiirichiiK'nl by iron 
e^omi)ounds, alumina and silica ge'ls, and aluminum hydrate'. 
Not all of th('S(' zone's are e've'iywhe're^ pre'se'ut-. Le)cally, the' 
fre'sh re)ed<; may alte'r elire'edly te) allite' anel the'ii tlie' siallite zone^ 
is a,l)se'nt. Else'whe're', the' iron crust may be' abse'iit or be)th 
the' ire)n eu’ust, anel tlie' atlitn zone' may be' missing. 

Ae'.e'-eereling te) 1 Iarrasse)witz, lat-('ritizatie)n e*,onsists in the^ 
re'me)val in soluth)n e)l the' base's, siudi as tJu' aJkalie's anel aJkaliiu’i 
e'arths, anel me)re' graelually of silica, h'aeling*'te) the' fe)rma,ti()n 

' Kitson, a. Iv, “OulliiK's of (lie MiiK'nil and Wati'r Powa'r i*('S()iirc<‘s ol 
the (lold ('oast, British \V('st, AfricaL.” Uold (dxist deal. Survnj, Hull. 1 , 
It) 31 (1925). 

- 11ARitASSowiTZ, II., bat('ril, MaU'riiil uiid Ve'rsuch (a’(lfi;(‘scluahllk*h(‘r 
AtiswMM'tiiDg. (}(‘!>. B()rntra('^ 2 ;(a‘. Ik'.rlin (n)2()). 
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of siallite and then allite. Alumina, he bolioveH, is also in part 
soluble and some of it, as well as some of the iron and tlu^ silica 
that have not been carried away, takes part in a movcmumt in 
solution upward through the laterite blanked- during dry 
season. This leads to a gradual cnrichuK'nt of i.he up])(M’ zoihvs 
in iron oxide and alumina at the expense of tlu^ lowen*. (-(dlular 
and pisolitic textures develop in the uppeu* xonc^s owing to th(^ 
influence of various gels in the solutions. 

Fox^ calls attention to the regular occurrence in many surfaeu^ 
laterite deposits of three laycu's: (a) an uj:>per hmI or brown 
crust, very high in iron oxide, (b) a middle Iay(U’, mainly bauxites, 
and (c) a lower layer of laminated lithomargc^ 

He believes that during the rainy s(^ason tlu^ rain wat(U‘ 
carrying acids or salts, percolating down through th(‘ lat(u’il,(^ 
layer and issuing as springs below tlu^ lai-(U’ite sc.arps, (*.ai-ri('s 
much soluble and finely suspended silic(U)us inatUu*. Tlu' rorimu’ 
is probably removed and the latter may be d(^p()sit-(Ml as litho- 
marge. After the close of th(^ rainy season, he l)(‘li(‘v('s that 
capillary action would cause ferruginous wat(‘rs to move' to Mh‘ 
surface from small depths, and this would n'sull- in a d(‘})osi(.ion of 
limonite to form a surface iron crust. With the n'movid of iJu^ 
iron upward and the silica downward, the int(‘rm(‘din,t(‘ porlions 
of the zone would gradually become bauxit(\ Th(‘ i’(‘movjil of 
silica is somewhat difficult to explain and Fox l)('li(‘V(‘s iha,t in 
part it may be due to el(^ci-rokin(‘.tic ph(mom('na and (o IIh' 
complete breaking down of silicate miiuM-als inlo (U)inpon(‘nt 
sols and gels. 

1 lie steady flow of water (ele(itrolyte) down through tlu* poi’oiis 
nias.s of decomposed rock, the induced electric,-poUmtial diff(‘r(‘nc(‘ 
between the to}) and bottom ol this porous zoik^ ol d(M’oinp()S(*(l rex’k 
and the presence of colloidal, (‘lectrically (‘hargnd pnrtich's (sols mid 
gels), su}:)})ly jill the eloctrokinetic, (londitions whii^li a.r(‘ ii{'cessar\' in 
addition to the removal hy solution a,nd in suspension and upward 
cainllarity . . . for a complete separation of tlie va,rious const it inmts. 
The aluminum hydrogels will remain [iractically sta.tiona,ry and function 
in the porous zone as an im])ermeal)le numihraiu^. d’h(‘ posilivelv 
charged ferric hydrogels will he a(d-uated ui)ward hotJi by capillarity 
and undci electrical attraction of the elecd-rical (n(’!gati\'(‘ sign) pot(m-' 
tial of the upper part of the laterite zone. The negatixady chargeal 
silica in gel or sol form will l)e infiuem^ed downward both by th(‘ down- 
’ Fox, 0. S., '‘Bauxite,” 80-85, Crosby Lockwood Son, London 

f 1 007^ 
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yard current of water and under the electrical draw from the positively 
3 harged electrical potential in the lower layer. The neutral hydrous 
ulicate coinj^ounds will gravitate in suspension with the relatively 
rapid downward flow of the percolating water and be precipitated where 
the velocity is greatly reduced, f.e., at the base of the laterite mantle. 

Recently Thiel, ^ by a scries of experiments, has shown the 
effectiveness of sulphate-reducing bacteria in breaking up 
aluminum silicates and taking the aluminum into solution in the 
form of aluminum sulphate or, if iron is present, in the form of a 
double sulphate of iron and aluminum. Thiel believes that the 
home of the sulphate-reducing organisms is in the thin layer of 
clayey or loamy soil that overlies the bauxite. These organisms 
have the power of taking oxygen from sulphates, sulphites, and 
thiosulphates, thus reducing them to sulphides. The sulphides 
(mainly of iron) become oxidized by surface water, producing 
sulphates and sulphuric acid and the latter reacting upon 
aluminum silicates produces aluminum sulphate and free silica. 
The aluminum sulphate is hydrolyzed in its downward passage 
and yields aluminum hydrate. 

The presence of sulphate-reducing organisms is not necessary 
for the above reactions, as the same results would be ol)tained 
from oxidation of natural iron or other sulphides. Natural 
sulphides are probably not as universally present in surfac(‘ soils, 
however, as are sulphate-reducing organisms. 


Detrital Deposition. 

Formation of detrital deposits of bauxiU' pr(‘suppos('s the 
existence of earlier bauxite deposits fornu'd by this or sonu^ 
othc'r process. liypothes(\s of dcbrital or clastic origin luiv(‘ for 
th(‘ most part Ixen advanced in (‘xpUinat ion of minor ()ccurr(‘nc(‘s 
in bauxite fields where th(‘ principal deposits are (h'seribed as 
originating either by chemical sedimentation or by wi'attiering 
in sitai. Home geologists, howev(‘r, hav(' a(lvocat.(‘d a widen* 
application of the hypothesis of debrital se'dimenitation and 
among those are Lacroix, Kispaticand inor(‘ r{'(‘(nit ly, Malyavkin. 

Lacroix,- in discussing tlu^ origin of tli(' l)a,uxit(‘ ([(‘posits of 
soutluu’n Frances discards th(‘ hypol lu'sisof (;h(‘mic‘.al scnlinKnit at ion 
‘ 'rnii'iL, Oioounn A., “The FiiricFnu'ni of B;uixil(‘ Dc'posiis tlirougli 
(he Ae.tivit.y of Mi(*n)-()r}»;:Lnisins,” Econ. (rcoL 22, No. 5, ISO -tOS, August, 
1927. 


“ liACilOlX, 

(1901). 
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of the earlier French seologisfK and advoenles a. l.-ileritie origin. 
He suggests that the wcatliciring of silicaie nxiks gav(' rise to 
aluminous and ferruginous hiteritie materials, wliieli wer(> (l('f)os- 
ited as lenses and beds on a Jurassic and (^arly ('ndacu'ous 
limestone surface and later suffennl submersion and were covensl 
by late Cretaceous limey sedimemts. 

Kispatic^ has examined microseopi<ially bauxite and t('rra 
rossa of Croatia, as well as limestone and doloiiut<' witli whi(!li 
they are associated, and finds the same accessory mim'rnls in all 


..V ' k '.'’ 



Fig. 2/1.'—Dalmiitiiin liiiuxitci iniiH*. 'TIiih purlicular poclvcl luis Ix-cii hIiiiohI. 
complcit'ly niiiKdl out. coIonMj rtjcK in liiiic.sionc. 


of thorn. Ho also finds that- ilu' liuu'stoiH' and doloinilo conlain 
aluminum hydraf-os, mainly Al-d);,.I!.,(), as fiip' pari ides in (li(‘ 
amorphous form, which h(' t(‘rms “sp()r()”'(‘Iil(‘.” Ih' hdii'Vfbs 
that the pros(mt hauxih^ ([(‘posits of lh(‘ Adrialic r(‘ji;i(/ii end (h(‘ 
associated huTa rossa i‘(‘pr(‘S('nt a(U!um(ila.(ions of r('sidmd 
material from liitK'si-one and (I()lomi((‘ (l(‘(ta,y, maiidy sporo^dil(\ 
which has been transporl-c'd a f»;r(‘at(‘r or dss dislaiicc' and hns 
been more or less reworlaal and sort(‘(l. 

Kerruu* von Marilaiui,- in r(‘vi(‘winjL»’ luspalie’s Iiypol hesis 
rc‘garding the origin of (h'oalian ha,uxit(‘, calls a.ih'niion to llu' 

^ Kispatic, M., ‘‘Bauxito d(\s krotiti.sclH'ii Knrstf's und ihre Ibiitslchiing," 
NeuenJa/irb. 34, 513-552 (1911). 

Mvmhnkr von Marilaun, F., “tlcolo/.ric ikmxil -ili'n dt's 
sudliclicn ToilcK dor Ostorrcichi.sch-Unpiarisclicii Moimrcliii'," Hcr(/~ un.if 
Hiittenmarin Jahrb, 139-170 (191(1). 
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fact that the iron, silicon, and a certain portion of the aluminum 
are present in the original limestone and dolomite, not as oxides 
but as carbonates and silicates; and that, therefore, in addition 
to the mechanical accumulation of limestone residues into 
bauxite deposits there must be a certain amount of decomposition 
of carbonates and silicates by weathering. 

Malyavldn’ has advanced the hypothesis of clastic sedimentary 
origin for the laterite beds and lenses of the Tikhvin district, 
Russia. He believes that the laterite from which these were 
derived originally existed in the pre-Cambrian region of northern 
Russia, having resulted from the weathering of feldspar-bearing 
igneous rocks. No trace of the original laterite has been found, 
however, and it seems questionable if laterite materials could be 
transported over long distances and redeposited without losing 
their identity by admixtures of other clastic materials. Perhaps 
it would be more simple to explain these deposits as the residual 
products in place resulting from the lateritization of Lower 
C'arbonif(u*ous or Devonian clays. 

Th(‘, geologists who explain minor occurrences of bauxite in 
c('rtain fields as originating by the breaking up and reworking of 
bauxite from more important original deposits in the same 
field are Mead and Pox. 

In Arkansas the principal deposits are described by Mead“ as 
consisting of residual material derived from the weathering of 
nepheliru' syenite, while certain minor occurrences in the form of 
l(ms('s int('rlayered with Tertiary sediments are described as 
Ix'ing d(M‘iv(‘d by the uK'chanical breaking up of parts of the main 
d(‘[)osits a-nd ih(‘ nxh'positlon of the materials as S(ulimentary 
IxmIs in n{\‘ui)y shallow wa,t('rs. 

In Indiac('i‘tain lo\v-l(‘V(‘l bauxitic laieriti^s,orlateritc^soccurring 
on slop('S, arc' (h'sc.rilx'd by Pox'^ as Ixang detrital (l(qK)sits fornuHl 
by the nua'Juuiical disini-(‘gration of primary n^sidual lat.erites 
capi)ing pla,t(‘au areas, and the transportation and migration of 
such broken! rnalenaals down the slope's. 

Thus dehril-al bauxite! de'[)osiis may accumulate'unelen* waten*, 
as was probably the case in Arkansas, or they may be of subaerial 

' Malyavkin, 8. P., “BoksiL” Bull. (icad. U. S. S. R. p]). 145-178 

^ Mkad, \V. “()cciirn*iu*(‘ and (.)rigin of the* Bauxite IX^powits of 

Arka.nsn,s," Ec.an.. (h’oL 10 , No. 1, 2S 54, Janiuiry, 1015. 

Kox, (t S., Bauxites a,n(l Aliiininous Bat(M’it.(^ Oee.un-eneios of 

India,” Mv-tu.. (Jeol. Survey Iruiidj 49, Pt. 1, 3()--8S (1923). 
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origin as in India. In many places th(\y have boon consolidated 
subsequently to their deposition so that they are practically as 
solid as the original deposits from which they wer(^ derivcul. In 
part this is due to compression and in part to ccuruuitatiou ))y 
solution and redeposition or replacement. ('oiisolida-bMl detrital 
laterite is in many places difficult to distinguish from original 
laterite formed in situ and, according to Fox, original lat(n-it- 
ization in situ occurs in places on the surface of the rock undcir- 
lying detrital laterites. 

Conclusions. 

From the foregoing discussion, it will hav(^ b(‘(‘n not(*(l that, 
in the past, there has been much differemee in opinion a-s to 
origin of bauxite and laterite, but that there has b(‘(‘n a g(m(n*al 
tendency, especially in late years, to regard tlunn as tlu‘ products 
of rock decomposition by weathering. This is partly tin* r(‘sult of 
much careful study of the structure of bauxitic Iaterit(‘ (U'posii-s 
of recent origin or actually still forming, and tiuur conqairison 
as regards composition, texture, and geologic ndations with ohhu’ 
bauxite deposits, and partly the result of a g(H)logi(‘.aI st^udy of 
older bauxite deposits and their relations to iJie (uiclosijig nx^ks. 
Moreover, a large amount of research and st-iidy has Ikhmi 
devoted in the past twenty years to tlu^ (lisint('g’ralion a,ml 
decomposition of rocks and th(‘ formation of soils. 

Perhaps the most striking characb'ristic of r(‘(^(mt la,t('rit{‘ 
deposits is their occurrence on fiat or gcmtly un<lula,ting surface's 
which arc without doubt remnants of fontK'r p('n(*pla,ins. Sim¬ 
ilarly, the most striking characte'risi.ic of oldc'r lat(‘ri<.(‘ and 
bauxite deposits is their relation to gx'ologic um^onformitie's, 
suggesting their formation during past ('rosioii [X'riods a,nd })n)b- 
ably on former pem'plains or })ase-](‘v('l('d surfa,(u\s. Tims, 
the inference is that bauxite' ele'i)e)sits are' forme'd e)n Hat or ge'ntly 
sloping surface's that have' be'cn e'xpe)se'(l for Ie)ng pe'riods t,o 
elecomposition hy we'athering and e)n which the memluuiie'.al 
removal of materials has be'e'u at a minimum. 

The more exact conelitie)ns unele'r wliie'Ji hilvrilv. is fe)rme'd, 
such as the chemical processe\s ami reactie)ns inve>lve‘(l in late'r- 
itization, have receive^el much stiiely hut a,re^ fai’ from be'ing 
satisfactorily explaineel. Then^ is disagreH'im'ni, as t-o whe'l lu'r the' 
soliitie)n and renmval of the bases and silieia, le'aving alumina ami 
iron oxides as residues, are the more impe)rt-anl, i)re)e'!e‘HMe‘s, or 
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fvhether these are exceeded in importance by the solution of 
dumina and iron oxide and their redeposition by metasomatic 
replacement or as fillings in openings. 

There is much speculation as to the nature of the solutions 
drat cause lateritization and as to the changes that occur in 
such solutions during the lateritization processes. It is known 
bhat carbonated alkaline waters take silica into solution, leaving 



Fi(}. 2().' Bauxitd iinn<‘ in Tuiria, Dark colororl ma1.{*rinl ia l)auxiti‘; 
iiiiitc'rial in liitK'.sl.oiu'. The pici.iin^ hIiow.s ixjc.kc'ty iype of lafrian bauxit** 
fh'poHit.H. 

hluinina and iron oxides behind, and it is known that acid waters, 
particularly solutions of sulphuric or nitric acid, dissolve aluminum 
and iron compounds and retain them in solution until tlu^ nature 
of the solution changes so that precipital ion takers places More¬ 
over, organic acids resulting from the d(‘cay of vegetahh^ matter 
are mentioned by some investigators as solvcmts and by oth(U‘s as 
precipitants. 

There is disagreement as l-o the natun' of rock alt'(M*at,ion 
dtiring lateritization. Some investigators, cognizant of the fact 
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that direct alteration of feldspar and other aluminnin silicates to 
aluminum hydrates occurs, believe, nevertheless, iiiat there is 
usually first an alteration of the original aluminum silicat.es to 
hydrous aluminum silicates, such as various clay miiuu'als, and 
then a further alteration of the latter to aluminum liydrates. 
Other investigators believe kaolinization and laUu’it ization t-o he 
two entirely distinct processes; the former the result, of normal 
weathering and the latter occurring under special condit.ions and 
circumstances. They believe that kaolin and lateritt^ bot.h form 
directly from the original rock and that the clays so fnHjiKmt.ly 
intervening between the bed rock and the bauxite or lat.(U’it.(\ 
such as the porous clay in Arkansas, the terra rossa in sont.luum 
Europe, and the lithomarge in India, show a changes in (jlimat.ic oi- 
other conditions arising from the discontinuance of lat(‘ritiza,t.ion 
and the substitution of kaolinization. 

In spite of the uncertainties and disagrecmieni.s, and although 
little is known of the chemistry of lateritization, pres(mt knowI(Hig(‘ 
indicates that laterites, bauxites, and latoritic iron or(\s ar(‘ (.h(‘ 
end products of rock decomposition by weathering, and that (lu'y 
are usually formed under tropical or subtropical condi (Ions of aJ (nr- 
nating dry and rainy seasons during long periods of (iui(\sc(mc(‘ 
when the laud has been base leveled. 

OCCURRENCE AND PRODUCTION OF ALUMINUM ORES 

Although bauxite and laterite occur abundandy in main' 
parts of the world, the present (1929) mining of aluniinum ores in 
important quantities is confined to a h'w count-ric's. 

The chief bauxite-producing districts in tlu' ordcu* of (li(‘ir 
present rate of production are as follows: 

1. Var, Southern France. 

2. Arkansas, United States. 

3. Dutch Guiana, South America. 

4. Western Hungary. 

5. British Guiana, South Anun’ica. 

6. Istrian Peninsula, Italy. 

7. Dalmatia, Yugoslavia. 

8. Herault, Southern France. 

9. Georgia-1 ennessee-Alabama Field, Unit(‘d States. 
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The producing districts of minor or intcriuittent importance 
are: 

1. Central Apennines, Italy. 

2. Gulf of Corinth, Greece. 

3. Ariogo, Southern France. 

4. Bouclu^s du Rhone, Southern France. 

5. CVuitral Provinces, India. 

0. County Antrim, Ireland. 

7. Bihar Mountains, Rumania. 

8. Victoria, Australia. 

9. Central Missouri, United States. 

10. Vog('lsberg Mountains, Germany. 

11. Barcelona, Spain. 

Table 4 shows th(' annual production of aluminum ore in the 
various producing countrii's from 1920 to 1928, inclusive. 
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The following table shows the production, imports, and 
xports of aluminum ore in the United States since the beginning 
if the industry: 


'ahlm 5 .— Bauxitk PiioDiFcsi) IN, Imported into, and Exported from 
THE United States, 1889 to 1928 Inclusive, in Long Tons 
(From U. 8. Cioological Survey) 


V'ear 

Georgia 

1 

Alabama 

TeniioHH<;e 

ArlcaiiHas 

T utal 

Imports 

Exports^ 

L8H1) 

1 728 



i 

728 



IHDO 

l.H'M 




1.844 



tSDl 

2,201 

202 



2,503 



[S02 

5, 1 10 

5,008 



10,518 


1 

[81)8 

2,115 

0,70‘1 



0,179 



[SO'I 

2,050 1 

0,010 



11,000 



180r) 

2.750 

12,212 



17,0(50 



! 8iM> 

7,212 

11,051 



18,2(54 



!8<)7 

7,507 

12,082 1 



20.500 



808 





2.5,1 10 

1,201 


801) 

15,720 

M,-101) 1 


5.025 

25.280 

0,015(5 


1)00 

10,720 1 


2,‘14 5 

22, 18-1 

8.050 


1)01 

18, 

028 


8(57 

18.005 1 

18,212 


1)02 

22, 

077 


4,045 

27.222 

15,700 


i)o;{ 

22 

271 


25,712 

48,087 

14.880 1 


1)01 

21,012 


25,748 

47,(5(51 

15,274 


DOf) 

15, 

172 


22,05(5 

48.120 

11,720 j 


DOt) 

25, 

0(55 j 


.50,2(57 

75,222 

17,800 


1)07 

21,271 

02,505 

07,770 

2.5,0(>{) 


008 

M ,101 

27,702 

52,107 

21,(570 


000 

22 227 

100, 

,87-l 

120,101 

18.088 ' 


1)10 

22,01)0 

115, 

820 

1 18,022 

15,000 i 


on 

20,170 1 

125, 

448 

155,(518 

‘12,222 


012 

10,587 

1 M,172 1 

8..80(5 

117.200 

150.8(5.5 

2(5,214 j 


oi;i 

27. 

•100 

12.001 

100,871 1 

210.211 

21,1.50 


oil 

18. 

5.17 i 

5,52 1 

105,217 

210,218 

24,8-l‘( 

5..274=i= 

Olf) 

25,008 

2,227 , 

2(58,70(5 

207,041 

2. 120 

10,082 


Georgia, .Mahaina and 'r(‘nne.sH<*(> 





01(> 


10.100 


.275,010 

125.100 

20 

17,020 

017 


02,12 1 


.50(5,550 

,5(58,000 

7,(501 j 

21,701 

018 


12.820 


.502,802 

(505,721 

2,052 

10,711 

Oil) 


12,070 


2.22. 100 

27(5. .50(5 

(5,082 

17,701 

020 


10,020 


•181 .270 

521,208 

•12,805 

22.257 

021 


M .700 


1 24.850 

I 20..5.50 

27,587 

5,042 

022 


12,810 


2(50,700 

200, (500 

22. (5.5(5 

10,(517 
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28,810 


•102,8.80 

522,000 

I 10,020 
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10. OH) 


227,020 
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201.071 

77,0(55 

025 


20,220 


200,220 

2 1(5,.510 

2.5.2,00(5 

78,0.22 

020 


20,(5.80 


271,570 

.202.2.50 

281 ,(5t 1 

.87,770 

027 


17.110 


202,820 

220, OH) 

2.5(5. ,5.80 

121,858 

028 


11.100 

1 

2(51,22(5 

275, 12(5 

2.50 .Ill 

112,081 


' InchidcH bauxite coueeiitrateH 

FiKuroH ('(Jver HJX moiiUiH, .July to I leeciuher, 191(. Not HC'parat ely claHHifiecl by Hiircau 
l'\)rr>ign and OomcHtie (^)inin(‘ree prior to .hily, 11) 11. 
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France. 

Southern France, including the Var, Bunches du H.hoiu^, 
Herault, and Ariege districts, has boon the workrs Iarg(‘st, a-nnual 
producer of bauxite, except for a few years during and following 
the World War when the French production was cxcuMukul by 
that in the United States. The Var district has Ixhmi l,h(' most 
important, and recently it has yielded annually iK^arly <S() pen* ccml, 
of the bauxite produced in France, while Herault ha.s yi('l(l{Ml 
about 15 per cent, the remainder being dividcxl about (Mpially 
between Ariege and Bouches du Rhone. Tlu^ princiiKiI miiu's 
of the Var district are in the Brignolos n^gion, including tlu' mines 
near Le Luc, Le Thoronet, C'abasse, Vins, L(^ Val, Tourvu's, St. 
Maximin, Mazaugues, and La (kdle. Tlwro ar(‘ also important 
mines in the region of Tavernes and in the vicinity of Toulon. 
In Herault the principal producing mines are in t lu' lUMgliborhood 
of Villeveyrac, Loupian, St. (diinian, (Vt-te, B(‘zi('rs, and Ih'da- 
rieux; in Bouches du Rhone iKuir Parizot and lu'ar L(‘s H;iux, 
from which latter district bauxite derives its nam(‘, a-nd in 
Ariege from the areas near Foix and St. Girons, 

French bauxite is to a very large extent retiiK'd in south(*rn 
France, there being plants, where alumina and aluminum bydrai(' 
are produced, at St. Auban in Basses Alpes, at Salindres in (la,rd, 
and at Gardanne, Lc Rousset, La Barass(‘, and S(,. Ix)uis k's 
Aygualades in Bouches du Rhon(‘. Gonsid(‘ral)l(‘ (juaiiliti('s, 
however, are exported and are refinc'd in Gn'at Britain, (l(‘rma,ny, 
and the United States. The ports of shipnamt. an' San Ka,j)ha,(‘l, 
Toulon, and Port de Bouc for Var bauxitv and ('(‘t in for Herault 
bauxite. 

PTench bauxite varies considerably in its physi{^al and ch('mi(^al 
characteristics. Some of it is hard, dens(', a,nd bloc^ky, souk' 
is oolitic or pisolitic, and some' of it. is m()(l('rat.(‘ly soft and ('art by, 
It is characteristically dark nxl and fairly bigb in iron oxid{', 
but light-red, gray and cream-colon'd on' is found locally. Tin' 
dark-red bauxite', as a rule, contains 20 t.o 25 p('r c(‘n(. iron oxid(' 
while the light-colored variety's cont.a.in *1 to 12 p('r (u'ut iron 
oxides The light-colored bauxit.c^ ranges from H t.o Iti j)('r ('('id in 
silica as compared with 2 to 5 p('r c(‘nt. in llu' dark-n'd ori', wbih' 
the alumina contemt in tln^ light.-(X)l<)r('d oix'S ra,ng('s from 50 to 
05 per cent and in tin' dark-n'd oix's from 50 to 00 p('r (X'ld. Tin' 
combiiK'd water ranges from 11 to 14 p('r c('nt. Tin' light- and 
dark-colored varietic's may occur in the sann' (h'posit. or they 
mav be found in separate deposits. 
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United States. 

Most of tho United States l)auxite production is from tin* 
Saline County and Pulaski County mines in Central Arkansas. 
Bauxite was discovered in Arkansas in 1S90 but shipments did 
not begin until 1899. Since that time, the annual tonnage pro¬ 
duced has gradually increased to a maximum of 562,892 tons 
in 1918. Since that date the output has been diminishing. 

The bauxiite mines of Georgia, Tennessee, and Alabama 
jccur in groups, the most important of which are those along 
i belt extending from Irwinton (Wilkinson County, central 
Gieorgia) southwestward through Andersonville (Sumter County) 
xnd Springvalc (Randolph County) to Clayton (Barbour County, 
southeastern Alabama.) Those in the Rome and Cave Springs 
listricts (northwestern Georgia) and near Rock Run (north¬ 
eastern Alabama), and those in the Chattanooga district 
Tennessee) have also been of considerable importance. The 
jroorgia-Tennessee-Alabama field has never been a large producer 
)f bauxite but has had a steady annual production since 1889, 
vh('n the first bauxit(^ produced in the United States was shipped 
rom Georgia. The maximum annual production was 62,134 
;Ons in 1917. Bauxit(i was first found in the United States in 
.883 near Rome, Georgia. 

Th('- United States bauxites differ from those of Europe in 
generally being white or gray, because of their r(‘lative]y low 
ron oxide content, while those of Europe are commonly dark 
vx\ and high in iron oxide. The average range in iron oxide in 
Vi'kansas bauxites is from 2 to 7 per cent, wlnux^as the rang(' of 
his (M)nstitiHmt. in Georgia, T(‘nness(‘(^ and Alabama bauxi1(‘ 
s from 0.5 to nbout- 3 {)(‘r exmt. Exceptions occur in both 
ields, h()w(‘V(‘r, and tli(‘ iron oxide may be as high as 12 or 14 
)(U’ cent^ in particular d('posits. TIk' alumina cont.(‘nt. of th(‘ 
Arkansas bauxit.(' is from 56 to 59 jx^r c(*nt, whik' tiu' av(‘rag(' 
ang(‘ in sili(^a is from 5 to 8 jxn* C(‘nt.. In G(‘orgia, T(mness(‘(‘, 
jid Alai)a,ma tlu' alumina content (^)f th(' bauxit.(‘ is from 54 to 
►<S p('i* c(mt., and ttie silica from 7 to about- 12 p(‘r C(‘nt-. 

Scatt-(‘r(Hl occurrenc(\s of diasporic clay an' found in association 
^ith deposits of flint clay in Maric's, Csag(‘, Gasconade, and 
leighboring counties in central Missouri. Thc^ Hint clay is in 
ockets and th(5 diasjKU’ic clay is in irrc'gular mass(‘s included 
n the pockets. When the clay contains 70 pen* c('nt or more 
it is designated diasporic clay, and wIkui it contains 50 
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to 70 per cent AlaOn, it known as bnrlciy clay. Ordinary 
flint clay usually contains lews than 50 per cent AlaO.'i. Kmall 
quantities of hurley clay and diasporic clay liav(^ Ixkui mined 
recently in connection with flint clay and have Ixurn ns(ul for th<^ 
manufacture of refractory products, chemicals, and abrasive's. 

Hungary. 

Bauxite was discovered in western Hungary in 1921, lu'ar 
Halimba in the Balcony Forest, north of thee wewh'rn emd of 
Lake Balaton. More recently, deposits have Ixxm diseiovcuxxl 
in the Vertes Mountains about half way betwe'en thee Balcony 
Forest and Budapest, and the exploitation of lluesee was startexl 
in 1925. The first important production of bauxites from weeshirn 
Hungary occurred in the Fall of 1920, and in 1927 shipmenl.s 
reached a total of over 280,000 tons. Practically all of thee 
bauxite has come from the Gant region in the Vertex Mountains 
and has been exported to Germany. 

The bauxite of western Flungary is yellow, brownish n'd, 
or mottled yellow and brown. It ranges from 57 to 02 p('r (xuit 
in AI 2 O 3 ; 2 to 7 per cent in SiOa; 12 to 20 p(u' exmt in li’e..( I,,; 2.50 
to 3.60 per cent in Ti 02 ; and 14 to 10 per cent in combiiuxl water. 
The deposits now mined occur mostly with a thin ov('rburd('n 
of soil or locally with a few feet of overlying limestom;. 

Dutch Guiana. 

Bauxite was discovered in Dutch Guiana ('arly in 1915, Imt 
no shipments wore made until 1922. Shipmelits have’(!on- 
sistently increased until 1928, when a total of 203,159 tons was 
shipped. Most of the bauxite is exported to tlu^ Unil.ixl States 
and Canada for the manufacture of aluminum. It has the 
following average composition; AI 2 O 3 , 59.00 jx-r c('nf SiO.. 2 00 
per cent; Fe 203 , (>..50 per cent; Ti() 2 , 2.50 per enti c(,nd)in’('d 
water, 30.00 per cent. 

Ihe principal deposits occur in s(weral gr()uj)s along the 
Suriname, Cottica, and Coermotibo Hiveu-s from about 15 to 100 
miles from the coast. Thc'y are in the form of knolls and small 
hills rising above the low, swampy coastal plain region. A few 
dposits located farther inland occur as lalcritic cappings of 
plateaux and of isolated flat-topped hills that form part of the 
interior highlands. 
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British Guiana, 

Bauxite was discovered in British Guiana in 1910; exploitation 
started in 1915 and the first shipments were made in 1917. In 
1928 the shipments amounted to 165,422 tons. The deposits 
occur in the coastal plain region about 60 to 80 miles inland 
and are similar, in general, to the deposits of Dutch Guiana. 
They occur in several groups near the Demerara and Berbice 
Rivers, and, as in Dutch Guiana, they are found as small hills 
rising above the general elevation of tlu^ coastal plain. Some have 
a considerable thickness of loose, sandy and clayey sedimentary 
overburden. 



fKi, 27.' Loading; ])U(ikidB iii cnblrway loadini.' Htalion for IriiUBportatioii to 

(rojiHt, 1 stria. 

Most of tlu' British Guiana bauxite' is shipped to Ganada ami 
(lie United St-a,t.(\s for us(^ in the eh('inical industries and for t he 
inanufactain' of aluininuin It has tlu' following av('rag(' com¬ 
position: AloG;., 61.00 p(‘r c(‘nt; Si02, 2.75 per cent; Fe.O.i, 2.50 ])(‘r 
(‘('lit; TiOa, 2.75 per cc'nt; combined water, 31.00 per cent. 

Yugoslavia. 

Ba,uxi(-(' (h'posits oc,cur in many parts of Yugoslavia, but 
most of those now (1929) Ix'ing mim'd art' in Dalmatia, nt'ar th<' 
Adriatic coast or on sonu' of th(' small neighboring islands. 
Large undeveloped di^posits, ho we via-, occur in the interior of 
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Croatia and Herzegovina and along the coast in Montenegro. 
A small occurrence of bauxite (wocheinite) is reported from th(^ 
district between Feistritz and Lake Wocheiii, Carniola. The 
more important deposits in Yugoslavia arc those in the Obrovao 
and Drnis districts of Dalmatia, in the Kotor and Bar regions 
of Montenegro, and in the Mostar region of Herzegovina, 

The bauxite occurs as layers, lenses and pockets in linu^stoue, 
usually outcropping at the surface with little or no soil over¬ 
burden; many extend to considerable depths. Most of the 
bauxite is dark red and high in iron, but some pink and cre^am- 
colored bauxite moderately low in iron occurs. In gxmeral, 
the dark-red bauxite contains 48.00 to 54.00 per cent ALA).-}; 
1.00 to 4.00 per cent Si 02 ; 20.00 to 24.00 per cent FcaOa; 2.50 
to 3.50 per cent Ti 02 , and 18.00 to 24.00 per cent combined 
water. This great range in composition is mainly diui to tlu^ 
fact that the ores vary in character in different districts. Bauxit(i 
from a single source generally has a fairly uniform composition. 

The bauxite mined in Yugoslavia has been used mainly in 
Europe, but recently a considerable tonnage has been shipped 
to the United States for the manufacture of aluminum and high 
alumina cement. 

Italy. 

Bauxite occurs in Italy in two main districts: ( 1 ) the Istrian 
Peninsula and ( 2 ) the central Apennine Mountain region. Th(‘ 
deposits of Istria are similar to those of Yugoslavia, txung in 
the form of numerous pockets and lenses enclosed in linu^stoiK'. 
These pockets are more or less segregated into groups, of which 
the most important arc in the vicinity of Buje, Visinada, Pisino, 
Gimino, San Domenica, Albona, and Barbana in th(^ (xml,ral 
part of the peninsula, and near Lavarigo, Altura, and Sissano 
in the southern part. The mining of bauxite in Istria on a larg(^ 
scale began during the World War and the maximum production 
was reached in 1925, when a total of 18i,58() long tons was 
produced. Most of the Istrian bauxite has been exp()rl.(‘(l to 
Germany for use in the manufacture of alumina and clumiicals. 

Istrian bauxite is of two main types: ( 1 ) dark-nxl on' similar 
to that of Dalmatia and ( 2 ) light-colored variegat('( I <)r('. ^rh(> 

rornicr g;enerally avoragea botwoen 54 aiul 58 pen- cent AlaO,-,; 
22 aiul 20 per cent FG 2 O 3 ; 2 and 4 per cent SiOj; 2 and 3 per cent 
TiOa; and 12 and 15 per cent combined water. The latter 
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inimonly carrioH GO to ()G p(^r coiit AUOu; 5 to 9 per cent SiO^; 10 
16 per cent Fe20;h 3 to 5 per cent Ti02; and 12 to 15 per cent 
inhined water. In many deposits, the light-colored, varie- 
ded bauxite occurs as an enclosing layer, while the dark-red 
Luxite forms the central core. Elsewhere, however, the two 
pes may occur more or less intermixed in the same deposit 
they may be found in separate deposits. 

The bauxite in the central Apennines region occurs in two 
oups, one in the province of Aquila, about 50 miles east of 
Dine, and the other in the province of Benevento, about 30 
iles north of Naples. Bauxite from these deposits has been 
ined mainly for tlie local manufacture of abrasives and chemi- 
Is. Borne of the deposits ar(^ iioIchI for their high iron content 
xu’aging between 26 per cent and 30 per cent FenO^, The 
iiiual production has generally been less than 15,000 tons. 

recce. 

Bauxite d(U3ositnS have in recent years been discovered in Greece 
the Disiomon district north of the Gulf of Corinth. The ore 
curs as layers and pockets in limestone' and known deposits 
cur ov('r an arc'a of about, 100 seifuare' kilonu'ters bordering thc' 
alf of ('Orinth. A few sliipnu'iits have bec'ii made' which show 
(i ore 1,0 have' approximately the' fe)llowing composition: AloO^, 
to 59 p(‘r cent; BiOo, 3 to 7 pew ce'nt; FcoO.j, 16 to 21 per eemt; 
Oo, 2 to 2.50 pe'r cent; combineel wate'r, 13 to IG pe'r ce'nt. 

dia. 

Bauxites occurs in many parts of India, l)ut principally in the' 
'Igaiun, Ke)lhapur, and Hatiiagiri distrie'.ts (south of Bombay), 
the' re'gion ne)rlh e)f Bliopal (C'e'iitral Inelia), in the' .lubhulpore' 
el Balaghat, elistricts ((k'litral Fre)vineu's), in the llanchi district 
iihar iinel Orissa), in t he' regie)n ne)rth of \dzagapata,m (Maeh'as), 
el in the^ Jammu district (Kashmir). Bauxite' luis he'e'ii niine'd 
Kiiaira, ne)rth of Be)ml)ay, anel e'lse'wlu're' in small ejuantitie's, 
ostly for lexial che'inical use' anel fe)r jx'trole'um tilt rat ie)n. 
igh freight rate's and compe'tit ie)n from Ihire)pe'an bauxite' have' 
e've'iiteel e'xte'iisive' e'X})e)rtat-ie)n. ddie^ Inelia,n bauxite' in the' 
stricts that give commercial promise' contains about 56 t,o {j2 
r ce'nt AloO.-i; 1 to 4 per cemt BiO*^; 3 te) 10 })e'r ex'nt Fe'^O.-j; 3 
10 per cent Ti02, anel 25 to 28 pe'r ce'nt ce)mhine'el wate'r. The 
,mmu bauxite is diasporic in character anel earrie's about GO to 
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70 per cent AljO;); 12 to 20 per cent SiOai <>.5 to 2 jxm' wuit lA^aO,,; 
2 to 4 per cent TiOa, and 11 to 13 per cent coiuhined water. 

Ireland. 

A small quantity of bauxite has been mined annually I'or many 
years in County Antrim, northeastern Indaiid, most, of it Ikouk 
used locally. The Irish bauxite i.s of low grade, containing a high 
percentage of iron oxid(i, silica, and otlno' im|)ui'iti('s. It oecuirs 
in layers and lenses associated with iron on^ and lithomai'g(‘ in a 
bed underlain and overlain by basalt flows. 



Fiu. 2 S.—Showing niothod of lotulinfj; odciin-Koinw .sto.'iioio-H; Dulcli (iiiiMiui. 


Rumania. 

Important deposits of haiixit(' occur in lli(‘ Bihar MounlaJns, 
western Rumania. The main (h^posifs an' in iJu' Poiima,, Si'lx's 
Koros and Jada valleys tributary to tli(' railroad Ix'twc'i'ii Njigy- 
varad (Grosswardein) and Koloszvar (Klaus(‘nl)urf>;), a,nd in Mk' 
Galbina Valley southeast of Ih'lenyes. Th('s(' {l('j)osi(-s w('r(' 
operated during the World War to supply Uu' alumiimm n'ciiiin'- 
ments of the Clentral Powers, but no information is availa])l(' as 
to tonnage produced. The production has Ihh'ii small since the 
World War, as the deposits are far from tlu' nuirk(‘l and tlu^ 













ORES Ob' ALUMINUM 


115 


3 is not very desirable industrially, because of its refractory 
aractcr. Most of the bauxite is dark red or brown and high 
iron, but gray bauxite low in iron and high in silica occurs 
lally. The red ore has the following average composition: 
oOs, 55 to ()5 per cent; FC 2 O;}, 20 to 30 per cent; Si02, 2 to (5 
r cent; Ti02, 3 to 4 per cent; loss on ignition 10 to 13 per cent. 

LStralia. 

In Victoria, Australia, small quantities of bauxite have been 
Dduced annually in recent years in the Gippsland district, 
rth of Mell)ourne, mostly for use in the manufacture of 
iminiim sulphate at Melbourne. 

The extensive laterite deposits of western Australia and of 
!W South Wales are as yet undeveloped. 

irmany. 

During tiie World War small deposits of impure bauxites were 
ned in the Vogelsberg Mountains east of Oi(\ssen, Hessev 
Lrmstadt. ddi(\se deposits are a residual weathering product 
erlying basalt, most of the bauxite being found as nodules in 
y. Since the war these mines have been operated only inter- 
ttcmtly because' high-grade ores have beconu' available from 
Lince, the Adriatic district, and from western Hungary. 

ain. 

'^cattcu'ed deposits of bauxite occur in tlu^ provinces of Barce- 
la and Tarragona, northeastern Spain; the main occurnmee's 
^ near Mediona, La Llacuna, and Poblas. Th(\y consist of 
3k(ds in linu'stom^ Some' high-grade' ore' is found, but much 
the material in the pocke't-s is uiuiomme'rcial. A small amount 
ore has !)e('n mine'd, but at pre'se'nt the' mines are idle. 

MINING AND MILLING OF BAUXITE 

\s alrc'ady ('X])lain('d, bauxit-e' varies great!}' in eom|)(>sitie)n 
1 in (U)nt(‘nt^ and characte'i* of inipuritie'S. This is true' both 
hin individual d('])osits and as betwe'en different deposits and 
[ere'iit (listrie^ts. More'ove'r, the shape of (I('])()sits and their 
it ions to th(^ e'liedosing roe^ks, as we'll as the' ediaracte'r of the' 
dosing rocks, vary in elifierent localitue's. lh)r these reasons, 
i me'thods of mining bauxite differ conside'rably in different 
(;es. 
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In general, the operations that bauxite undergoes in its passag(‘ 
from the mine to the manufacturing plant (which may be in 
the nature of a concentrating plant where alumina and aluminum 
hydrate are produced, a chemical plant where aluminum sulphates 
or other aluminum compounds are produced, an electric furnace 
plant where artificial abrasives are produced, kilns or furnacc^s in 
which alumina cement is produced, or ovens in which refract.ory 
products are made) may include stripping, mining, crushing, 
washing, drying, pulverizing, and calcining. Not all or (‘V(m 
most of the bauxite produced passes through all of these processes 
In fact, most of the processes, such as washing, drying, pul¬ 
verizing, and calcining, are used only in a feAv localities. 

Stripping. 

When bauxite occurs under an overburden of unconsolidjited 
material of moderate thickness, this is usually removed and the 



Fig 29.—Wiishiug bauxite; Dutch Guiana. 


bauxite is mined in open pits. The overburden may (U)nsist of 
either a thin layer of soil or unconsolidated beds of sand and clay. 
The maximum depth tliat can be economically stripped depends 
upon a number of factors, among wdiicli mv. the thickness of tlu^ 
bauxite bed, the character of the overburden, and the cost of 
disposing of it. In some places as much as 40 or 50 le(d. of over¬ 
burden have been removed. 
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Where the overburden is thin, it is f>;encrally removed by hand 
and the surface of the ore is cleaned in the same operation. 
Where the overburden is of moderate thickness, it may be more 
economical to remove the bulk of it by means of steam shovels 
or other stripping apparatus, after which stripping by scrapers 
and by hand and cleaning of the ore surface are necessary before 
mining operations can commence. Stripping with steam shovels 
is practically confined to the bauxite mines of North and South 
America, this operation being carried out in European bauxite 
mines by hand, with or without the use of scrapers. 

Mining. 

Bauxite is usually mined by open-pit methods, but there are 
some localities where underground mining is necessary on 
account of the great depths of overburden or the character and 
attitude of the bauxite deposits. In open pit mining the bauxite 
beds are generally worked in vertical or nearly vertical faces. 
Where the thickness of the bauxite bed or pocket is moderate, the 
ore is mined in one bench. In a few places, however, where the 
bauxite masses are of considerable thickness, two benches, and 
occasionally three benches are used. Bauxite', is generally 
moderately hard and compact and, thc'refoix', explosives are 
used to shatter the ore. After the ore is broken down, it may be 
loaded by steam shovel or by hand. 

In places where the floor of the open pits is approximately 
on the same level with or only slightly Ik'Iow the surrounding 
region, the bauxib^ is loadc'd into mine ears of small capacity 
and hauled by nu'ans of muk'S or small l()comoliv('s to loading 
bins or milling ])lants. During tlu' mining and lotuling ini-o miiK' 
cars, when this is dom^ by hand, tlu'n^ is gc'nerally a s('parati()n 
mad(' of clay and low-gradc' bauxib' from tlu' comnu'rcial bauxit('. 
In op('mpit. miiu's wlu're tlu^ floor of tlu' inim' is sunk b(m('ath 
th(' surrounding surfaces, the bauxite is loaded into miiu' cars or 
into buclods and hank'd to the surface' by nutans of inclim'd 
railways or vc'rtical hoists. 

Undc'rground mining is ('inploye'd on horizontal bauxite Ix'ds 
when the overbuixk'n is too thick to be economically n'lnoved by 
stripping, or on steeply dipping beds uiuDrlain and overlain by 
mod('rately hard, compact rocks. In t he case' of horizontal Ix'ds, 
the underground mining is by means of drifts and stopes; 
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whereas, in the case of steeply dippiiiR’ hanxite beds, niininp; is 
by ineaUvS of inclines and drifts. 

At the European mines the bauxite is generally shipped in iJie 
condition in which it leaves the mine; that is, there is no furtlun* 
treatment of the ore until it reaches the consuming plant, wIku'o 
it is subjected to whatever further treatment is re(]uired for 
consumption in that particular industry. In the North and 
South American mines, however, most of the bauxite aft(U’ it is 
mined is transported to milling plants, where it undergoes furlher 



Fig. 30.—Jurying hjuixilo in rotriry kilna; Dutch Ouiuuii. 


treatment, such as crushing, washing, and drying, Ix'fon' it. is 
shipped to tlie consuming industries. 

Crushing. 

Bauxite is commonly crushed in gyratory or jaw erush('rs, t,h(‘ 
maximum size produced varying from 1 to in(du‘s. TIk' 
proportion of the coarse to the tine material va,ri(‘s a,(u*()rding to 
the hardness and toughness of the t)auxit,e. 

Washing. 

After crushing, the ore may go directly to drying kilns or it, 
may be subjected to preliminary washing in order t,o nMyiove 
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clay and oilier liglii inipurit-i(^s. Washing formerly was done by 
means of log washers, bul- in rec<‘nt years spc^cial conibiiiaiion 
trommel and rake washers have been designed and have been 
found to bo very satisfactory. 

Drying. 

Bauxite as mined may contain from 6 to 20 per cent free 
moisture. The lOuropcan bauxite differs from the North 
American and South American bauxite as mined in usually 
having a moisture content of less than 10 or 12 per cent, whereas 
American bauxite generally has more than 10 per cent moisture. 
The free moistures is remov(Hl by passing the bauxite through 
cylindrical drying kilns, which range in length from 40 to 120 
feet and in diameter from 8 to 8 fe(‘t, according to the capacity 
required and the maximum moisture content allowed in the final 
product. This varies from 1 to 5 per cent. Such cylindrical 
kilns are fired by means of wood, coal, oil, or gas. Pulverized 
coal has been found to be very satisfactory. Small and short 
kilns ar(' less efficient than long kilns. 

Pulverizing. 

Most industries that consume bauxite require it in the 
pulv('riz(Hl form, usually of a fimmess of 80 or 100 mesh. This 
pulv(‘rizing is gtuuu’ally done wh(‘rt‘ tlui bauxite is eonsuimHl, but 
sonu^ small works pr(4er to i)iirehas(‘ bauxit,(' in pulverizc'd form. 
A f(‘w bauxite mills, therefore, have equipment for grinding 
bauxit(‘ to (SO or 100 mesh size. 

Calcining. 

As iilrc'ady sl-a(.{‘(I, e,omm(‘r(‘ial ba,uxit(‘ (contains from M to 
more', than 80 jx'r e(‘n(. of (X)ml)iii(xl wafer, d'his (^ombiiuxl wat(‘r 
is not; r(‘mov('d by ordinary drying hut. rcxpiirt's mu(*Ji great('r 
lu'at t han is attalru'd in t h(‘ drying kilns, (tnialn indiist ri(‘s, 
such as the artificial abrasiv(‘s industry, ]*('{iuii-(‘ bauxite from 
which th(‘ combiiKxl wat.cu* a,s w(il a,s th(‘ fi’{‘(‘ tn()istair(‘ is r(‘ni()V(‘d. 
This is doru^ by nuxins of eahining kilns, \vhi(4i ar(‘ inmii lik(^ 
drying kilns, ('xe(‘pt that. tJi(‘ nii’a-etory linings an* h(*avi(‘r and 
th(* rotation and f(*('d a,re slow(*r. Th(‘y an* usually so op(‘rat('(l 
that the bauxite* when it. l(*av(‘s the* kiln has a, t(*mp(*rat.nn* of 
ai)proximat(4y 1700 to bSOO^P., wlu'n'as t he* bauxit.e* wh(*n it l(‘av(‘S 
fhe ordinary drying kilns has a te'inperatun* of about. 200 to 25()°F. 
After pas.sing through calcining kilns, the* bauxite contains no 
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and i^onerally Insw tlian 1 or 2 pen- c(ni(. conibiiUMl wabu’. 
The alumina content, may ranges from 70 to 85 per (unit or evem 

higher, depending upon the amount of impurities piu^seni.. 
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CHAPTER V 


THE PRODUCTION OF ALUMINA 

By 

JtiNiiTs D. Edwards and Ralph B. Mason 

Aluminum is the most widely distribut(ul of the metals, and 
material containing 10 to 35 per cent aluminum oxide can 
found in great abundance the world around. It is not economical 
to extract aluminum from thovSe lean ores, howcwer, whih^ bauxite 
carrying 50 to 60 per cent of alumina is gcmerally availabh'. 
A similar, but more familiar, situation exists in i\w, cas(‘ of iron, 
which is as widely distributed as aluminum and in almost a,s 
great abundance. Immense deposits of rocks, clays, jind tlu^ 
like containing 10 per cent and more of iron can ix' found almost 
anywhere, but no one thinks of using sucli poor ma(.('rial for 
the production of iron while there is still availahh^ a suj)|)ly 
of the rich hematite, limonite, and magnetites on^s carrying 50 
to 60 per cent iron. Nevertheless, hosts of invemtors hav(‘ 
worked on processes for the extraction of alumina from (day. 
feldspar, alunite, and otluu* aluminous mabuhils without any 
commercial result. While it is possibh^ j,o (‘xtrac,! and purify 
the alumina from clay, yet the ciost of clHunic^als, (UK'rgy, and 
labor makes the procedure impractical from a com uku’c, ial 
standpoint at present. 

One important difficulty in alumina imxlmd.ion a.ris(‘s from 
the fact that thc^ analogy bedwexm iron and aluminum c,(‘a,s(‘s 
when the reduction process is reacluxl. Iron is a.n (‘asy nudnl 
to reduce from its oxide. The on^ only mxxls to be (duirgvd 
into the blast furnace with limest/om^ and cok(^ n,nd t h(‘ furinux' 
i)lown with air. The reducing gas(\s from th(‘ cok(‘ (X)nv(‘r(. 
the iron to the nmtallic form, and the ini})uriti(\s, such a,s silicon, 
and alumina, pass into the slag. Alumina, on (.h(‘ (‘oni.rary, 
is a very difficult oxide to r('duc(^, and wlxm it is conv(‘ri.(‘(l iiito 
aluminum (e.g.j by electrolysis) most of tlu^ assocdatcxl impmdth's 
are likewise reduced to form nudals or nadalloidsf which alloy 
with and contaminate the metal. T}u‘ or(‘ of aluminum must, 
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therefore, first be treated so as to eliminate substantially all 
of the impurities. Purified alumina suitable for the production of 
aluminum usually contains a total of less than 0.1 per cent 



Fig. 31.^—Diagram of Bayor proc^esa for producing alumina (bauxite ore 

concentrates). 


of the oxides of iron, silicon and titanium, and is a highly rc'fined 
or concentrated product. The purificat.ion is a relatively expen¬ 
sive process, and as it takes about two pounds of alumina (1.89 is 
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the theoretical requirement) to produce a pound of aluruinum, 
the cost of the alumina is an appreciable it(un in (Jio cost of 
aluminum. This is the reason for the groat interest displayed in 
processes of producing pure alumina. 

In the commercial production of alumiTia from baiixiU^, i.lu^ 
general practice is to convert the aluniina by redaction wilJi 
alkali into sodium aluminato, which is readily solubh' in 
The sodium alurninate solution is them filbuHHl off and l,lu‘ i-esidiu^ 
containing the iron, silicon, and titanium of tlu^ bauxites is thrown 
aWay. The solution containing th(^ alumina, is i.reabul so as to 
precipitate pure aluminum hydrate, which is separat(^d, and 
the alkali in the solution is returned to proc(‘ss. The alu¬ 
minum hydrate is washed and finally h(^at(ul to a higli 
temperature to drive off all the water and conv(n't il. inl.o pun^ 
dry aluminum oxide, AloO^, which is ready to b(^ uscul in (.he 
production of aluminum. 

There are two general procedures employ(Hl i.o })roduee the 
sodium alurninate solution. In the Baytu* ])roc(^ss, wlu<;h is 
the one most widely used, the bauxite is dig(‘s(.(ul umh'r pressun^ 
with hot sodium hydroxide to form a solul.ion of sodium alu- 
minatc. The alt(‘rnativo procedure is to lu'ai. tlu' bauxi(.(‘ wilh 
sodium carbonate in a furnace or rotary kiln to form solid sodium 
alurninate. The sodium aluminat(‘ can I.Ikui b(‘- l('a(‘.h(‘(l out 
and the alumina rc'covered from the solul.ion. 

Aluminum hydrate can be pnanpitn-tc'd from {.h(‘ a.Iumina.tn 
solution by neutralizing with carbon dioxick*. This was tiu^ 
original method used in comuKU’cial pi’oduct.ion. Al. ])n‘s(mt 
the more common procedure, i)arti(ndarly in tlu' Ba,y(‘r pnxu'ss, 
is to cool and agitate tlu^ solution in tlu^ pr{‘S(m{U‘ of a. ‘‘s(‘('d” 
charge of aluminimi hydrat.e, wlu'reupon aboul. two-thirds of th(‘ 
dissolved hydrat(‘ sh)wly cryst.alliz('s out. 

Bayer Process. 

Tlie Bayer procu'ss is today tlu^ most wid<‘lv us(m 1 method 
for the i)roduelion of alumina. A d('ta,il(al (l(‘scri])tion of this 
fundanumtal process will l.hen'fon^ b(' givcm Ix'fon^ proeiaaling 
to the consideration ol other nud.hods of rc'covc'ring a.lumina. 
from i(,s ores. 

rh(' major portion of l.lu' aluminum oxidc' in bauxil.t* (iissolv(‘s 
wlam i(, is lu^atcal with a solution of sodium hydroxi(l(‘ (caustic 
soda), bill, it is not attacked by a solution of sodium carbonate. 
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There is good reason for Ix'lic'ving that tlie alumina, by reaction 
with the caustic soda, is converU'd into soluble sodium aluminate, 
to which is ascribed the formula NaAlOa. The iron oxide of the 
bauxite is insoluble in the sodium hydroxide solution and aside 
from increasing the bulk of the insoluble residue, which must 
be filtered and thrown away, has little effect on the process. 
The silica content of the bauxite is, however, very important, 
since it is the cause of serious losses of both soda and alumina. 
During the digestion there is apparently formed an insoluble 
sodium aluminum silicate which carries both soda and alumina 
into the '^red mud,” as the bauxite residue is called. Karl 
Josef Bayer’ has ascribed the formula, Al 2 O 3 .Na 2 O. 3 SiO 2 . 9 H 2 O, 
to this compound. Whether it actually has this composition 
or some other has not been definitely ascertained. Certain 
it is, however, that, with increasing content of silica in the^ 
bauxite, both soda and alumina losses increase. Experience 
indicates that for every pound of silica in the bauxite, 1.1 to 2 
pounds of alumina, and 1 to 3 pounds of soda (calculated as 
sodium carbonat(') are lost. The soda loss appears to vary 
considerably, depending on the character of the bauxite which 
is being digested and the conditions of digestion. It is quite 
essential, therefore, in selecting ore for the Bayer process to 
limit the silica to as low a figure as circumstances warrant. 
In America, bauxites are used which carry as higli as 7 per cent 
silica; while in Europe, where a relatively large su])ply of low- 
silica bauxite is available, the bauxiU's (anployed usually contain 
less than 5 per cent silica. In s('lling bauxites to the aluminum 
industry, it is commercial ])ra(‘tic(' to charg(‘. tiu' produccu* a, 
p(‘nalty for (uicli unif of silien in ('xcu^ss of sonu^ sta.t('d amount, 
such as 3 ])('r c(ai(,. Tit.aniiim oxidc' is also said to (a)mbin(‘ 
with soda t-o form insoluble sodium tilaaiah'S a,iul still furtlau* 
incr(^a-s(^ th(‘ soda losst^s. In vi(nv, howt'ver, of th<' n'fractory 
(JiaraxJcu* of most titnnium minerals, tiuu’e is sonu^ (liu'stion as 
to th(‘ <‘xt.(‘nt of such a reaction. 

Pr('])a,ratory to th(‘ digestion proc(^ss, tlu^ l)a,uxit,(^ is drical 
and ground. Tlu' drying is n(‘C(‘ssary in ordca* t.o ])(u*mit th(‘ 
grinding of th(^ ma.t(U‘iaI t-o a fiiu' powdeu*. hin(‘. grinding (SO 
to 100 mesh) is esscmtial in ordcu* to s(‘eur(‘ (dlicicuit ('xtractaon 

‘ Baykh, Kaiil Josio-’, r. S. Pat. 515,S<).5, Mar. (), ISUI; ((('r. Pats. 
43,077, Aag. 3, ISSS; ()r),()()4, Nov. 3, ISO‘2. t'or (‘oustitution of real nuid, 
son also B. Wakskh, MctdUbdrtiv^ 13, 2075 (1023). 
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of the alumina. The drying ordinarily (^mi)loy(Ml im'n^ly r(‘iuov(^H 
the free water of the bauxite buf leavers tlu^ eoinbiiuHl vva,(;(‘r, 
or water of hydration. Ullniarin/ liowever, stab^s lhat it has 
been the practice at some plants to calcine tlu^ bauxiti^ at bun- 
peratures of 350 to 400°C. befon^ grinding. This calcination 
is said to have a beneficial effect in destroying organic JuatUn*, 
such as humus acids, which dissolve and accumulai^c^ in tlu^ alkali 



Fiu. Digcfcsler room in alumimi worlcH. 


solutions used for digestion.- It may hav(‘ i,lu' disadvanlngv, 
however, of rendering th(5 alumina less u'adily dissolv(‘d.'‘ 
trihydrates begin to lose their combiiu'd water at. nhat iv(‘lv low 
temperatures, 150 to 250°(!., while the moiiohydrafe hauxitns 
can be heated to substantially higluu* t(‘mi)(‘ratinvs, •!()() t.o YAHfi 
before the loss of water becomes rajiid. 

In the digestion of bauxite with sodium hydroxide^, tJu' id(^al 
aimed at is to dissolve as much as possible of tlu^ eontaiiied 
alumina in the shortest possible time and, simult.an(M)usly, to 

^ Ullmann, “Enzyklopildie der tecihriischen Cdunnin," 1, p. 312. 

2 Hall, C. M., U. S. Ptit. 663,167, Dec. 4, 1900; Hr. Put,. M,573 of 1900* 
Ger. Pat. 138,219, Jan. 3, 1903. 

3 Phillips, W. B., J. Hancock, J. Am, Cheni. jSoc., 20, 209 (1898). 
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produce a solution from which a maximum amount of alumina 
can be precipitated per unit of volume. Increasing the tem¬ 
perature of the solution and the concentration of sodium 
hydroxide increases the amount of alumina which can be dis¬ 
solved. The more concentrated the alkali solution, however, 
the more alumina it will retain at the end of the precipitation 
cycle, and the greater the difficulties experienced in its filtration. 
Filtration is usually carried out in presses using heavy cotton 



',VA. Kilior piTHMCB for red mud; i)resa in n*{ir is ()])en slujwiiig filter lejives. 


cloth ov(‘r st(Hd [raiiu's, and th(‘ hlh'r cloth shows exc('ssiv(^ 
dehu'ioration wlum tlu^ hot alkali is too concentrati'd. UiHl(‘r 
such conditions, it, is customary to dilutn th(' solution Ixh’ore 
filtration. All of tlu'sc fact-ors rccpiire a nice balance in an 
(dlicicmt, procc'ss. Baycu* recoinmcnded digesting at IGO to 17(FC. 
for a p('riod of P 2 ^ hours. An exc(\ss of soda over t he 1:1 

ratio AbiOjj/NaoO is recjuin'd in order to liold tlu^ alumina in 
solution during the tilt,rat ion. Bayc^r recommends t,hat the 
molecular ratio of AloO^ to Na 20 in the aluininate solution 
should be about 0.55 (1:1.8), In a recent British patent to 
Finkelstein,’ tlie original Bayer procedure using solutions above 
’ Finkelhtkin, a., Br. Pat, 248,746, July 4, 1927. 
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1.4 in specific gravity has boon inodiliod and a solution of sodium 
hydroxide of specific gravity not greater than 1.30 is us(h1 to 
digest the bauxite at 170°C. The use of w(^ak(‘r solutions of 
sodium hydroxide for certain bauxites was, how(^v('r, (Common 
practice long before Finkelstein's patent. Tlui dig(‘s(lon is 
carried out in steel digesters, heated by st{‘am iiiuhu’ pn^ssun', 
and provided with some device for stirring or agitating the 
charge. When digestion is complete, tlu^ charge is pumped to 
filter presses where the hot aluminate licpiid is s(‘parat(‘(i from 
the residua] “red mud.''' The filter cake is wasluul and tin* lirst 
portions of the wash water arc added to tlu^ concenlratcHl alu¬ 
minate solution. 

The aluminate solution is tlum pump(ul to tlu^ pr(M^i})it,a(lng 
tanks where it is jnixed with a “scH'd" charges of aluminum 
hydrate from a previous cyck^. The mixtun' must Ik^ continually 
agitated and gradually cooled und(T conditions whi(!h p(‘rmit 
the formation of coarsely crystalliiu^ aluminum trihydradc'. 
Ullmann states that the most favorable ranges of ti(uiip(u‘atin*(‘s 
for precipitation lies between 25° and 3r)°C. TIk^ amount and 
particle size of the seed charge added, the raU^ of cooling, (I(‘gT(M' 
of agitation, etc., should be such as to minimizes the })ro(lu(kl()n 
of extremely fine and powdery crystals of aluminum hydra!(' 
which would be difficult to calcine without exc(\ssiv(^ dust loss, 
and which would lat(T cause excessive loss by dusting wlum 
the alumina is thrown on the electrolyi.ic c(‘lls. Baycu* slat(‘s 
that the molecular ratio of alumina to soda (Alik^a/Na-!)) should 
be as low as 1:0 at the end of tlu^ ])r('(npi(,ation v.yc\{\ Th(‘ 
precipitated alumina is finally filt(U'(‘d off or oth(‘rwis(' sc'panilnd' 
from the solution, waslu'd, and scuit to (!i(‘ (‘.ahiimu’s. Th(M-(‘ 
the hydrate is heated in rotary kilns to a tcunjKU-alun' subsl-an- 
tially above 1000°C. in order to conv(‘rt li into jinhydrous and 
non-hygroscopic alumina suitabk^ for use in th(‘ (‘kuiti'olyi 
reduction process. The addil-ion of a small amount of hydro¬ 
fluoric acid or aluminum fluorkk'- to tlu^ hydra-t(' ma,k(‘s (Ji(‘ 
dehydration more complete and d('cr(\‘ises tlu^ t(‘mp(‘ra! ur(‘ of 
calcination. The solution contains appnaaahk^ (]ua,n( iti(‘S of 
alumina and the soda; it is conc(mtrat('d by {‘vaporadon, a,ml, 

^ e , g ., by conliniioiis .sottliiiR’. Sfookwin, R. 8., U. S. Val. 1,SI!,700, 
1,314,710, Sept. 2, 11)19. 

PEcmxsY, A. It., U. H. Put . SI 1,433, Jiiii. 30, llKM). Cm dem Phodifits 
ChiiMiguEs d’Alais et de la Camaiuuie, ¥\\ Pjit. 349,709, Jiduf 9, 190.5; 
1s1 Add. 7224, Juno 13, 1907; (}cr. Put. 1(>.5,{)12, Nov. 20, 190.5. 
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after the addition of more sodium hydroxich' to l)ring it up to 
the reqiimcd strength, it is used for the digestion of a new charge 
of bauxite. Some sodium carbonate may crystallize out of the 
liquor during evaporation if the concentration is high. 

In Fig, 31 is shown a diagram illustrating the main steps of 
the Bayer process as practiced at one plant. This diagram 
includes typical analyses giving the composition of the raw 
materials and products at various st(q:)s in the process. With 
other types of bauxite and other operating conditions, as well 



Fid. 3'J.—C'oncdiitriiUiiiJ: and wjusiiinfi; aluiniiiuni hydrate. 


as with normal varia,lions at this plant, siibstantial ditlVrimces 
in th(‘ com])osith)n of the various inatcndals will b(‘ observcal. 
For tlu^ puri)()S(‘ of illustration, how('V(‘r, these data may Ix^ 
tak(m a.s typical. 

Furnace Process of Producing Sodium Aluminate. 

The furnac(‘ procM'ss of i)rodu(ang sodium aluminate from 
bauxiti^ by luxating with sodium carl>onal(‘ has alnauly Ixam 
ndernxl to. Tlu^ ])rocess, soundinu's ealhal t lu' “ Diwilk'- 
P6chiney process,” was (airly inv(‘stigat(xl by \jv (hiaUdicT and 
Morin (1858 to 18G3) and has sinc(' horn d('velo])(xl by many 
others. The reaction may be represented as follows: 

AloO, + Na.CO:; = 2NaA10o + CO 2 . 
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The finely ground bauxite is uniformly mixed with powdenul 
soda ash (Na2COs) and the charge thus i;)r((par(Hl is sint(>red 
by heating to the reaction temperature. h"nH(id sodium car¬ 
bonate not only reacts with alumina to form sodium aluminate, 
but also with ferric oxide to form sodium rerrii.(', witli litanium 
oxide to form sodium titanate, and with silica to form sodium 
silicate. In the subsequent leaching proc(\Hs, ( lu* sodium IVrrite 
reacts with water to form insoluble ferric hjulroxide and sodium 
hydroxide, while the silica is mostly pr(>cij)itated as sodium 
aluminum silicate. The sodium aluminum silic!it.e and 



Fig. 85,- -(’alcining kilns for aluniiii.T; \-i('vv rroin reed cml. 


sodium titanate formed represent real soda l()ss(‘s, and, in Jiddi- 
tion, the silica may contaminate the product. Linu* is sons'! ini(‘s 
added to react with the silica and form insolubh' (^alftium siiicnie. 
Low silica bauxites are obviously desirahU' for this proci'ss, 
as well as for the Bayer process. It is necu^ssary U) us(' inort^ 
than 1 mol of sodium carbonates for each mol of ahiminn, in onh'i* 
to force the reaction to compk'tion. 

The heating of the charge was fornu‘rly carrii'd on I, in n'viu*- 
beratory furnaces, but modern practice employs rota,ry kiln. 

In order to secure complete reaction betwenm tlu' soda and 
alumina, the temperature is usually carried substantially abov(^ 
1000°C. Gunther P^'eld states that the reaction b(d,w('en sodium 
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1^'iG. •>(>■“ -1 )i!igrj».ni of furnjici' proross for producing sodium nlumiiuito 

alumina. 
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carbonate and the alumina of I)auxit(‘ is tu)jnj)l(‘te at. 9r)()'-T\ 
with the formation of NaAlOo. ‘ ,1. W. (’obb, (‘xixninieniinfi; 

with pure ignited alumina, found thal- fh(‘ n'aclmni of 
Na 2 C 03 with AIoO;} in eciuinioh'cular ])r()[)ort,ions Ix^gan at 710 
to 720°C., was extensive at 8()()°(t, and (‘.omph'le n,t 
Above 1150°C,, the aluminaU' a,pp(‘an‘d to {|iss()(?ia,t(‘ with tJu' 
formation of alumina insoluble in N hy(lroehl()ri(^ n,(ud and 
with the volatilization of part of i\w soda. 'rh(‘ prodiU!!, of 
the reaction is a crumbly mass which n'adily (tan b(‘ pow{h‘r(‘d 
and is quite hygrosco]nc. 

It is promptly sul)j(mted to digestion witli a- W(‘a,k solution 
of caustic alkali from a pnwious cycl(‘ of tin* pro(t(‘ss. Tint 
mixture of the aluminab' and tint alkali solution is h(‘at-(‘d to 
about 80°C. and agitated until maximum solution of iJn* soluble 
alumina has been effected; tho. nal mud is then filt.c'nxl off. 
Although the molecular ratio of alumina, (])lus iron oxid(‘) to 
soda in the fused aluminabt is about 1:1.2, tin* radio of alumina 
to soda in the solution, aftm* digc'stion, should b(^ a,bout. 1:1.8 
In order to permit the propcT ('xtraction of tlu' alumina,. 
clear solution of aluminate is now r(‘ady for i’(‘e.ov(*ry of |,h(‘ 
alumina. One method of preci])itat,ing tJu' a.lumina, is to sat.ura,to 
the solution with carbon dioxide^, while th(‘ solution is laid a,l a, 
temperature of about 50 to OtrC. If th(' toniperature bills loo 
low, the hydrate precipitates in a, form whidi is ditlioult to iWlw 
and carries down mori^ ol t lu' soda a,nd dissolv(‘d iinpurit i(‘s. 
Another variation is to preci})itate a, siibsta,nl ia,l j)a,rt. of Ihr 
alumina by th(‘ Baym* iiK'tJiod (unploying a, simmI chai’g{‘ of 
hydrate, filter off the hydrate obta,in(‘d in this way, a,ml then 
(in the portion of the solution iiot, najuinal for l(‘a,(‘hing mon* 
aluminate) complete tlu' pr('cii)ita,tion of (lu' alumina, by sa,Pi¬ 
rating the solution with (iarbon dioxide'. In (‘iliu'r case', the' 
solution is frex'd freim alumina, a,nel (X)n('('nl,ra,le'el by e'vaporal ie)n 
to H'cover the soelium (^a,r!)ona,te' as crystal soela,. 1his seielium 
carbonate' is tiie'n sold as such, oi* e^alea'ne'el lor use' a,gain in 
the process. 

OTHER PROCESSES FOR EXTRACTION OF ALUMINA 

So many ch('mi(^al i')ro(M'ss('s foi* the' e'xl ra,e‘tion of a,lumina, 
are' iK'ing continually brought. forwa,rel tha.l a sumn)a,ry of the' 

ait will be' use'lul te) 11 h)S(' inte're'sle'd in this tie'ld. 

' i'cLi), C., Z. nmjruK Ufinn., 39, 174 (lUlim. 

“ CoiiH, .). W., ./. Si)(\ Uhou.. Ind,, 29, 81)0 (iniO). 











THE PRODUCTION OF ALUMINA 


135 


The Bayer process, as originally described by Bayer, is in 
ise today without many fundamental changes. Of course, 
:here have been marked advances in the equipment employed 
•or carrying out the process and each manufacturer has deter¬ 
mined the conditions of digestion best adapted to his own 
[jauxite supply. Many experimenters have worked on the 
improvement of the Bayer proccvss, and it is of interest to examine 
the proposals which have been made. Some of these are fan¬ 
tastic and impractical under all conditions, some have a limited 
application, and others may be in use in one plant or another. 

The alumina proccss(5S ]iiay be broadly divided into two 
classes: alkaline and acid. The practical processes above 
described are typical alkaline processes and show the charac¬ 
teristic advantages and disadvantages of their class. Briefly, 
we may say that iron causes no trouble in alkaline processes, 
ferric oxide being subvstantially insoluble in alkali solutions 
(except sulfides). Iron is thus easily and cheaply eliminated 
in the red mud, and practically all of the small amount of iron 
oxide in th('. prc'cipitatcal aluminum hydrate is due to mechanical 
contamination (incomplete^ nmioval of the red mud in filtration, 
rust from pipes and tanks, (‘tc.) and not to the chemical process. 
Silica, on the other hand, is always attacked by the alkaline 
processes and its ('limination is oftem troublesoiru^, usually more 
or less incompl('t(‘, and involves a loss of alkali and generally 
:ilso a loss of alumina. Conseeiuently, alkaline' ])r()cesses reepiire^ 
a hauxit-(' low in silica, while iron and titanium oxide's are nuTC'ly 
iiH'rt, elihu'.nts, e'xeu'pt fe)r ])r()C('sse'S involving fusion e)r fritting 
with alkali. In llie'se', iron oxide' is advantageous be'c.ause' of its 
ability io cnusticfze* se)me' soda, but, titanium oxide may cause' 
some' loss e)f alkali. 

Acid ])reKM'sse'S, on the^ (contrary, alwa-ys dissolve' mem' or h'ss 
of the' ire)n, but, most of tlu'in ele) ne)t. elisse)lve' the silie'.a,. Titnnium 
is like'ly U) be' ])artly dissedve'e!. Any ge'latine)us e)r ce)lloielal 
silicie* aciel fe)rme‘el ])y aciel attack e)U the' ehiy e',an he' re'aelily 
a,nel epiile' ce)mple't,e‘ly re'me)ve'el, but the' ire)n salts are' so (;le)se'ly 
re'lat,e'.el te) the' aluminum salts in the'ir che'inie'.al bediavie)!* that 
a com])le't(' se'parath)n is practle^ally always eliflicult anel expe'n- 
sive', anel in me)st, e^ase'S eM)mnu‘re‘Ially im])e)ssil)le'. kre)m theii* 
nature', tlu're'fore', the' aenel pre)(*e'ss(‘S are' he'st aelapt-e'el le) the' 
tre'ainu'nt- e)f e)re‘s le)W in ire)n, such a,s kae)lin, ie'lelspar, alunite', 
h'eicite, e)r tlu' relatively rare ele'posits e)f white' bauxite. The'. 
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Kig. 37.— 0\itlme of unit oporatioiiH in alktilint' pnxu^HHOH for i>r(KUH‘inp; iiliiininn. 
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relatively low alumina content of these ores (except the white 
bauxite), however, puts these processes under a serious economic 
handicap. 

Because of their greater practical importance and the fact 
that the most important ones have already been outlined, the 
alkaline processes will be first discussed. 

Miscellaneous Alkali Digestion Processes. 

Bauxite is the only ore coiriinercially treated by digestion with 
alkali hydroxide but patents have been issued on a variety of similar 
processes a]:)plied to other ores. Bor example, Piva^ claims to ])e able 
to digest pulverized leucite with concentrated potassium (n* sodium 
liydroxide under a pressure of 20 to 25 atmospheres and obtain a solution 
consisting of a mixture of aluminate and silicate. 

The rod mud residue from the Bayer proc^ess invariably contains soda 
and alumina. It may be fused with sodium carbonate and leached with 
water to obtain some soluble sodium aluminate, l)ut, generally, such a 
process would not i)ay. I^effer^ causticizes the red mud with lime in a 
digester at 3r)0°('. and recovers soluble soda. 

Kendall'^ treats pulverized clay (which may be (uilcined) with sodium 
hy<lroxi(le under pressure, and after several hours’ digestion opens the 
autoclave and adds milk of lime, and redigests for several hours. Levi ^ 
pippcjses to dissolve the alumina in silicaites sucL as Icucite, by treatineitt 
with com^entrated sodium hydroxide and linu^ after ])art of the sili(*a has 
been removed by digesting with alkali liydroxide or carbonate under 
3 to 20 atmospheres’ jiressure. Peacock^ digests feldspar, j.‘t(\, with 
alkali carbonate at 5 atmosolu^j^ dissolve tlw> ,silir/i. 

leiU'c the alumina and iron, in tlui n^sidue for subscaiuent r(‘co\’ery. 
lacksoid’ dig(;sts clay with strong sodium hydroxide soluLon under 
oressure, and tlum attempts to si^parate alumina and silica by fractioma! 
pre(‘ipitation with carbon dioxide;; the assumption is tJuit tJie alumina, 
will pre(;ipita,te first, lie a-lso propos(;s to j)recii>itate alumina by adding 
’n'slily |n'(;cij)ita.te(l silica and th(;n to i-emovc; the sili(‘a by dissolving it, 
with sodium (uirbonate solution. Scofield and La Rm;^ tnaal, eailcimal 
potash feldspar with strong ]>otassium hydroxide solution in adigestin- 

’ PivA, A., Fr. Pat. 551,38S, July 11, 1905. 

n^KVVVAi, 11. (!., V. S. Pat. 95S,270, Oct. 2l), 1909. 

« IVUNDALL, F. 1)., V, S. Pat. 1,015,02‘J, l)(v. 20, 1911. 

•'Luvi, (}., Fr. Pat,. 544,290, Oct. 29, 1904; Ocr. Pat. 171,<)9S, Sc;)!. IH, 
1900; Hr. I'at. 15,875 {1904) appliiat for Jiim; IS, 1904. 

" PiOAe'ooK, S., V. S. Pat. 1,050,122, Jum^ IS, 1912. 

Mackson, L. L., H. S. Pat. 1,505,909, June 3, 1919. 

"ScoFiuLD, W. S., J. B. La Run, II. S. Pats. 1,494,029, May 15, 1924; 
1,563,875, Dec. 1, 1925; 1,483,627, Feb. 12, 1924. 
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at 300°C. and obtain solubh^ poLa.ssimn sili(!a.b5, pobissinin nlmnin.-ito, 
and an insoluble potassiiini aluinimiin siliealn. Alter (lihiting tlie 
solution, the alumina and silica are ])r(M!ipitated wdth carbon dioxide. 
Sulfuric acid decomposes the potassium aluminum silicvite and dissolves 
the alumina but not the precipitated silica,. P)y varying’ tlu' tniatnuuit 
in the digester, the insoluble potassium aluminum silicat(j is not ioriiKHl 
and practically all the material goes into solution. 

In connection witli those processes, it should ]m nobul tlia-t the 
industry demands alumina containing not more (,Iia,n about O.OS per 
cent silica, wliicdi is a limit not readily nu't by most proc(‘ss(‘s. Pra,(d,i(ad 
experience with the Hayer process indicahjs tlia,t no s(^pa,ra tion of alumina 
from silica in an alkaline solution is pra(dh^al, ex{a^pt by pnnu'pita.tiiig 
sodium aluminum silicate, so the ])ro{a^ss(^s d(‘S(U'ib(‘d in tin* la.st pa,ra- 
graph seem to be of small value. 

When alunite^ is treated with barium hydi’oxidi^ solutioji under 
pressure, soluble barium nhiminate and insoluble* biirium sulfat(^ a.i‘(^ 
formed. The alumina is precij)itat(Ml by (^a,utious n(mtrali:^a,tio!i with 
liydrochloric acid, or alumina a,ml barium ca,rbouat(^ ma\' In* simul¬ 
taneously ])recipitated with ca,rbon dioxides and tin* abmiina. I{‘acli(ai 
out with caustic soda. .Harimn ahmiinabr' may also lx* prepanul by 
digesting bauxite with barium sulfid(^ at 130'"( h Tli(^s(‘ proc(!ss(‘s would 
be too expensive to compete with tlu^ Hay(u* proc{‘ss. 

Rankin*^ proposes to heat the ore with powch'nul alkaJi and wa,t(U’ 
to a red heat under pn^suro. A i)ro(u^ss foi* tin* (^xtraclion th' alumimi 
from blast fuimace slag'^ by means of sodium bydroxid(^ und(‘r pn'ssuro 
has also been p.atenbul, but appc^ai’s impra,ctical. 

From time to time various nuitliods ha,v(^ b(MUi suggvsied vliich <Io 
not require a ])ressiir(^ digestion. Fitluu’ a higli(‘r (^onccuil ra I ion of 
sodium hydroxide is employcal in ord(U’ to llu* ((ui)p(‘raIiin^ 

of digestion,*’ or els(^ tli(^ solution is ha,sl,{m(‘d by sp(‘eia.l m(\a.us, such as 
fine grinding, rapid agitation, (‘tc. M(di(^k'‘ bta'ls ba.iixiln wilh saluraind 

sodium or i)otassium ]iydroxid(^ solution for I,wo bours but finds if, 
necessary hj dilute* the solution Ix^fon^ fillm’ing and preeipii.afing. 
Muth’^ claims that a 1)7.(i p{ir cent exl.ra,e.tion of aJiimina, is ob(,aim'd 
when bauxite is boiled with enough 27 per e(uit sodium hydroxides 

> IIkusuman, P. R., TT. 8. Pal. l,101,in(), July I 1, 1<)1(). 

2 BmuxoKK, C. A., (5(‘r. Put. T17,:^7J, Jan. 17, 1U22. 

Rankin, 11. D., IJ. S. Pat. 1,471,751, Oct. 2:i, lULt'i. 

Parsons, (t F., U. S. Pat. l, 522 ,()q<S, Jan. lU, 11 ) 25 . 

f'NmiMANN, B. and 0. Rn nsou, Z. (ni(/('iv. Uhnn., 39, 1542 Ol)2()). 

Mklick, W. L., U. S. PjLt. 1,271,11)2, July 2, IDIS. 

' Muth, 0., Fr. Pat. 360,08(), Ajir. 12, IIMH); Br. Pn(. 25,477 (11)05) IF'c. 
7, 1005; Clan. Pat. 103,711), Feb. 19, 1007; (h'r. I’al. 175, 110, Se'pi. 21, 
1000; Norw. Pat. 10,415, June 3, 1007; Sw('d. Pal. 22,1)00, Aug. 10, 1007. 
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)lution to give a ratio of 1.7 uiols Na-^O to 1 moi AI2O3. Dieffeiibach^ 
.aims that a good extraction of the alumina in bauxite can be made by 
oiling with potassium hydroxide at ISO to 200°C, and that it is neces- 
iry to heat bauxite and sodium hydroxide to 350 to 500*^0. in order to 
btain comparable results. To care for the silica, Teteleni^ adds 2 mols 
f CaO for each mol of silica present. The sodium hydroxide solution 
15°Be.) is boiled until a concentration of 50°Be. is reached, and then, 
fter dilution, the alumina is fractionally precipitated. 

Eustis’^ states that the alumina contained in Cuban iron ore can be 
xtracded by digesting the ore with strong sodium hydroxide solution. 

The calcination of alumina at moderate temperatures (below 1000°C.) 
ives to it special i)ro])erties; it absoiBs wider readily and can be used 
.)Y drying gases.Pragcr"' claims tliat bauxites that do not ordinarily 
icrmit a good extraction will work satisfastorily if they are first cahmicd 
,nd then, while still Imt, (pienched in cold caustic soda. Another 
[lethod of attack seems to be the use of a special liomogonizeE’ in which 
he calcined fiauxite is extracted for two hours at 120°Ct The rapid 
gitation is said to favor the stilution of the alumina at a lower tem- 
leratnre. Kieinmanid grinds the alumina in the preseiu^e of water 
with or witliout the addition of sodium hydroxide). The organic 
natter is destroyed and the iron oxidized to the ferric condition with 
odium hypochlorite. The alumina is then extracted with sodium 
lydroxidc a,t 135°C. without pressure. 

CratzeE j)r()])oses to add bauxite directly to the cathode licpior of an 
ilectrolytic cell in which a,queous sodium chloride is decomjiosed. 

^ DiKFnuNnACir, O., U. 8. Pat. 891,577, June 23, 1908; Pr. Pat. 13,970 
;i90()) Jan. 17, 1907; Can. Pat. 102,718, D(‘c, 25, lOOO; Er. Pa,t. 307,728, 
Slav. 8, 1900; Cer. Pat. 182,775, Pel). 23, 1907; Norw. Pat. 10,020, Aug. 
h 1907. 

“'’Ih'yrfUjUN I, A., Swiss Pat. 73,101, Aug. 10, 1910; (Uu*. Pats. 299,052, 
>99,1)53, ()(t.. A 1919. 

MhiSTis, V. S. Pat. 1,237,705, Aug. 21, 1917. 

TiiiUNKMANN, II., Pat,. 405,238, Oct. 28, 1924. 

Makdkn, J. \V. a,n(l V. Ecciott., ,/. Ind. Eng. Cliciii.., 7, 320 (1915). 

Mardkn, J. W. a,ml AIaiiy V. Dove a, ./. Am. Chcni. Foe., 39, I(U)9 
(1917). 

Yon, J. II., Che.ni. Neum, 130, 3t0 (1925). 

JoiiNsoix, E. M. (1., ./. Am. (hem. Foe., 34, 911 (1912). 

El senna, II. L., II. b. E Aiis'r, and (1. II. WAcnnN, J. I ml. Eng. ('hem., 
14, 1138 (1922). 

PRAOna, A., (\vv. Pat. 299,072, Ech. 23, 1918. 

‘CScuwnrrzniiisenn SoDAnAHRiis., Ccr. Pat. 355,301, ,]um‘2 1, 1922; Swiss 
Patent 90,474, Oct. 10, 1922. 

^ KuniNMANN, E., Hr. Pa.t. 20(h2-5, Ech. 25, 1927; Er. Pal,. 575,790, 
Aug. 0, 1924; Cmv. Pat. 439,540, Jan. 15, 1927. 

MlRATznn, A., h'r. Pat. 243,428, June 12, 1894; Norw. Pat. 4,023, Sept.. 
7, 1895. 
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While the method is unique, any possible iidvantuiSi .0 ohtaJued l)y the 
formation of the alkali hydroxide in situ does not seem to warrant its 
])rodu(jtion by the eleetrolytie method, eomplieatcd by tlu^ prcscmcc of 
suspended solids in the cathode compartment. A somewhat similar 
proposal is that of Ikeda^ to electrolyze a mixed solution of aJuminum 
chloride and alkali chloride with the formation of alkali aluminate 
at the cathode. 

Iialvorsen“ heats a mixture of alkali metaJ aluminum silic^ate and 
calcium cyanamide with superheated steam at ()r)()^(/., or with water 
in an autoclave under ])ressure and obtains a,mmonia as w(dl as soluble 
alkali aluminate. It is said tliat the roa(!tion is fa.culita(.(ul by the 
addition of salts such as chloildcs, nitrah^s, a,nd sulfaUis. 

Lawrie*^ treats waste aluminous materials, sm^h a,s dross, with sodium 
hj^droxide to form an aluminate solution from whi(^h the otlun* imdnl 
impurities are precipitated as sullides, and the alumina is i*(M^ov(‘red 
in the usual manner. 

Furnace Processes Using Alkali Carbonate or Hydroxide. 

Solutions of sodium carbonate will not dissolve' alumina,, 
hence the necessity of ^^caiisticising’^ the carbonab^ by t-r('a(,numt 
with lime to convert it into hydroxide for us(^ in tlu' (lig('s(,i()n of 
bauxite. Sodium carbonate, however, cam bc' us('d din'ctly in 
furnace processes whore the ore, in ini,ima,t(^ inixtun' with 
carbonates, is heated to a suflieiently high i,('inp('nitiir(‘. The 
reaction to form sodium aluminate liberab's cjirbon dioxide 
and in olfect '^caustici;5es” th(^ soda. 

Barnitt*^ carries out this rea,(!ti()n hy treating a, mixlaiix^ of hauxile, 
soda ash, and carbon on a sinbu’ing machine so fhal, I,he earhoii is hiiriKMl 
out and leaves a porous clinker coniainiiig water-solubh^ sodium alu- 
minato. This ])ro(^es.s lias hoen operated ({ommerdally for the 
manufacture of dry sodium aluminate. 

Petraeus'’* has proposed to use the si)ent (auistic li(juors from papea* 
mills as a source ol alkali for the fusion pro(;ess. be (diabdier^* bioiight 
that the fusion ol bauxite and kelp would produce sodium aluminab'. 

1 Ikeda, S., Jap. Pat. 34,890, Rept. 11, 1919. 

sHalvohsen, B. F., U. S. Pat. 1,463,508, July 31, 1923; Hr. Pjit. 107,012, 
May 30, 1918; Fr. Pat. 486,577, Apr. 18, 1918; Norw. Pat. 27,883, Apr. 30, 
1917; Swiss Pat. 77, 376, Apr. I, 1918. 

^Lawrie, J. W., U. H. Pat. 1,228,119, May 29, 1917. 

■‘Baenitt, J. B., U. S. Pat. 1,616,674, Feh. 8, 1927; Hr. Pa4. 26*1,823, 
May 5, 1927; Fr. Pat. 627,091, Sept. 26, 1927; Span. Pat. 101,1 14; Sw('d. 
Pat. 63,091; Ital. Pat. 255,776; Swiss Pat. 127,249, Aug. 16, 1928; Norw, 
Pat. 15,300, July 2, 1928. 

Petr.veus, C. V., U. S. Pat. 312,894, Fob. 24, 1885. 

«*bE Chatelier, Br. Pat. 1988 (1858) lihul Mar. I, 1859, 
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The (liflieiiltly soluble aJuiuina obtained by roasting alunite can be 
made soluble by roasting with sodium carbonate at about 900°Cd 
Verge“ furnaces the bauxite with enough sodium carbonate to give a 
3 oda-alumina ratio of 1:1.1. Enough caustic soda is then added to 
increase the ratio to 1:1.6 and the product digested with water under 
pressure to remove the silica. 

Beilby and Beilby^ heat thin layers of sodium carbonate and alu¬ 
minum oxide in an atmosi)here of air or other indifferent gas. The 
bicarbonate of soda has also been used^ for the formation of the alkali 
aluminates. The evolved carbon dioxide is collected and used for the 
])recipitation of alumina. 

It is difhcult to extract the alumina from many clays without first 
breaking up the structure of the silicate. If clay is heated to a fairly 
high temjierature, the alumina is easier to extract, apparently because 
the chemical bonds between the alumina, silica, and other constituents 
are weakened. It has been })roposed that clay be furnaced with an 
alkali or alkaline earth, to decompose the silicate more completely. 

Basset^ calcines dried clay with an excess of sodium carbonate. After 
the material is crushed, it is leached with water, the silica precipitated 
with lime water, and the solul)le alkali aluminate treated in the usual 
way. This would hardly give a practical separation. The additioti 
of sodium chloride or sulfate'’ is said to insure the solubility of the 
I)otassium in the original material. Bassett states that by heating 
a mixture of 5 parts clay or feldsi)ar witli not over 3 parts sodium car¬ 
bonate and 2 ])arts sodium chloride or sulfate to a rod heat, he ol)tains a 
solution of alkali aluminate and potassium salt after the fused mass is 
digested with water. The sodium silicate (2NaT).9Si().2) is said to })e 
insoluble (!) and remains as a residue. In later ])atents Bassett^ 
iiKU’oases the amount of sodium carbonate until it is twice the weight 
of the feldsj)ar. Jhiough sodium chloride or sulfate is added to replace 
the pota,ssium and the mixture heated to a red heat for an hour. The 
potassium sulfate and sodium silicate are soluble while the sodium 
aluminum silicaite is insoluble. The alumina is to be obtained from 
the double silicate by nu^aus of a solution of (caustic soda containing a 
small amount of cahuum and iron oxides. The Vunv. is used to releas(^ 
the sodium and the iron oxide the aluminum. The lime and iron 

^ CiiAPPKLL, IT. F., V. S. Pa,t. 1,270,2()(), .him' 25, 19IS. 

2 Verge, A., Fr. Pat. 373,070, Apr. 30, U)07. 

3 Beilby, Cl, T., and II. N. Beilby, Br. Pat. IS,750 (1907), Aug. 20, lOOS. 

^ Brivet, Fr. Pat. 244,429, Jan. IS, 1S05. 

B.xsset, a. M., Fr. Pat. 2:10,321, May 25, IS93; Add. Pat. June 30, IS94. 

Bassett, 11. P,, U. S. Pat. 1,079,5S9, Nov. 25, 1913; 1,095,300, May 5, 
1914. 

7 Bassett, H. P., U. S. Pat. 1,404,083, Jan. 17, 1922; 1,410,042, Mar. 2S, 
1922. 
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oxide ina,y be added io the oi‘i^>;iiifd cUtvv^o, with m. sli^’ld- in pm. 

eedure. If it w(we iK)wsil)](^ thus to d(MU)ini)os{^ sodiiini Jilnniiiinni sili<iate, 
soda losses in tlio P>ayer pro(!OSs w'ould bii inu(*h l(!ss. 

Cochrane^ prepares alkali aluiniuato by sintcnang bla-st furnadcj slafi; 
with alkali salt (carbonate). M{i<lorinaek" heats (hiban on^ (('on- 
taining cliroinimn, nickel, cobalt, etc.) with sodium <tarb()na,te and 
obtains alkali aliiminate and (5hr()niato sohibhi in wabn*, (larbou 
dioxide will precipitate the aluminum but not tln^ (chromium. Unfortu¬ 
nately tests indicate that extiwd'/ion of the (himminm is (juite 
iiiconi])lcte, and the silica present interferes with tlui (5xtra.(d.ion of 
the aliiinina. 

Lindblad’* heats feldspar with (;arbon and iron or (U)pp(‘r in tlu^ (‘hu*.- 
tric furnace to remove i)art of the silicon as lerrosili<a)n and form a 
coinjDound similar to leinate or to niuiove all l.lu^ silicon ami form 
potassiiun aluminate, w'hich may Ix^ treabul (a'Una’ with snlfnim^ a,(a‘d 
to form })otash alum, or with (larbon dioxid(‘ (o fojan alumina, and 
potassiuiti carbonate. 

Furnace Processes Using Alkaline Earth Carbonate or Oxide. 

Many processes have Ikxui proposcul in whi(:h the or(‘ l)!uixit(‘, 
for example— is fused with an alkaliiu^ (^artb earboiuilx^ so n,s to 
form the alkaline earth alumiuabn Aluiiiiiui onai tlnm 
recovered froin the alkaline earth aliiininate or tlu^ {i-Iuinimiln 
may bo used for other purposes, such as imiking a (iiiiek-scd ting 
cement. The use of an alkalim^ earth oarbonab^ i^s^-(^‘l(l of 
sodium carbonate lias tlie advantage, it is (dalimul, of (diniinating 
loss of soda by volatilization. 

A practical process of this typi^'s that of Ih-of. Iliiriihl INxh'rsmi. ' 
Pedersen smelts a mixt-ure of iron on^, <5ok(‘, liim*, a,ml })a,uxit(‘ 
or other aluminous imitiuial to jirodiKje a moltim (calcium alii- 

iCocHHAN-n, C., Br. Pat. 18X3 (18()2), siaihul Oe.t. 31, IS()2. 

2 McCormack, C. P,, U. S. Pa,(,. I,r) 75 ,sr) 2 , Mar. 1 ), 1 U 2 (); .sc<‘ ulso I. (b 
FARimNiNDUSTitm, A.-U., Br. Pa,t, 273 ,()()(>, ,Ia,n. 12 , 1028 ; Swiss Pal- 
129 , 207 , ])(M 3 . 1 , 1028 : Pr. Pat. () 3 (), 7 S 2 , Apr. 10 , 1028 . 

^Ltndblad, a. It., Jtr. Pa,t. 23,808 ( 1012 ), lO'h. 13 , 1013 . 

PKi)KR.snx, If., Br. f^ii. 232,030, ,hin(‘ M, I02(); Kr. Pat. OOlvlOO, Ort. 
22, 1025; Swiss Pat. 115,350, July I, 1020; Norw. Pat. •13,115, Nov. 22, 
1020; ftal. Put. 238,488; Portugiu'sc PaJ.. 1-1, MT); Sj)a,ii. Pa,t. 03,555; Hon- 
manian Pat. 11,508; Australian Pat. 22,703 (1025), Ma,r. 23, 1020; ludian 
Pat. 11,203; Mexican Pat. 24,720; Finnish Pat. I1,()()0; Hungarian Pat. 
01,203; Jugo-Slaviun Pat. 4,358; Polish Pat. 4,504; Br. (liiiana Pat. 100, 
Jnii(‘ 11, 1925; Aiist. Put. 108,100, Nov. 25, J027. Sc'o also Bon'I’iiJ toN, 
J. A., T. It. Haglund, Cam Pat. 284,100, Oct. 23, 1028; Fr. Pa,t. 0-13,024, 
S(‘pt. 8, 1928. 
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•ninate slag containing 30 to 50 per cent of alumina and only 5 
:o 10 per cent silica. Low-sulfur iron of a high grade is produced 
IS a by-product. The alumina in the slag can be extracted 
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fHJ. .*-{8. of i’(‘(l(‘r.s('n prooc'ss for i)ro(.Iu(*iii<i: iiluniiiui. 


by nieans of a sodium carbonate solution which forms ins()lid)l(‘ 
calcium carbonat(' and soluble' sodium aluminab'. Pedersen' 
’ Pkdkhskn, H., r. s. Vt\\, I,(>18,105, tVh. 15, 1927; Br. Pal. 252,:U)9, 
JiiiH' 9, 1927; Vv. I*al. ()1(),895, tVl>. 1, 1927; C an. Pat. 2()9,22(), Mar. 22, 
1927; Norw. Pal. 11,805, Au^. 15, 1927; Indiaji Pat. 12,353; Itr. Chiiana ]*at. 
201; llal. Pal. 219,337; Span. Pat. 98,24-1; Huanuuiiaii Pat. 12,889; Brazilian 
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finds that a 3 to 8 per cent solution of sodium carbonate con¬ 
taining about 0.3 to 0.8 per cent sodium hydroxide can be 
effectively used for extracting the calcium aluminate slag. 
Commercial operation of this process began in 1928 at Hdyangcu', 
Norway. 

Calcium aluminate slags of the type used by Pe(l(U’S(m have' 
been satisfactorily produced in a blast furnace by Jos(‘pli, 
Kinney, and Wood,^ of the U. S. Bureau of Minos, in coo]Ku*ati()n 
with the Research Bureau of Aluminum Company of America. 

The temperature of fusion can ])e lowered by (Controlling the amount 
of lime, for there are several calcium aluminates,^ and they form low- 
meltiug eutectics. Koritschoner and Hansgirg re(M)iniiiend (Ji/it tluc 
silicon and iron should be i]i the ratio of 1:4 and that tlu^y he nulinccid 
by carbon during the fusion and removed as an alloy of iron and siliccon. 

Other proposals along this line have i)ecn made by Peffer’* who 
calcines a mixture of lime and l)auxite at nid hcjit and tlien digtests 
the resulting calcium aluminate witli sodium carhomikc solul.ion. Tho 
soluble alkali aluminate is then treated by known metiiods. rjainlxu't^ 
fuses lime and bauxite in tiie electric furnace and ilum ](cii(ch(‘s (Jne 
product with hot sodium carbonate solution. Heating tlu^ limestomi 
and bauxite in two steps^’ is said to give better (combiiijition a,nd higlier 
alumina extraction. Carbon^ and other rcdiucing agents may Ixc juhh'd 
to the mixture of bauxite and limestone wlnhcli is to ho FuscmI in ilw. 
electric furnace. The oxides of iron, titanium, and silicon ar(i r(iduc(cd 
and a ferro-alloy separates, leaving a purer caheium a,lumimit(c. 

Williams and Sims^ treated clay by tlie Miguot prexecss but wim) 
unable to secure a satisfactory extraction of alumina, from tluc slag, 

Pat. 16,805; Mexican Pat. 26,770; Portug. Pat. H,67(); Ausiraliarj Pal, 
2,541 (26) July 12, 1927; Swiss Pat. 127,248, Aug, Hi, J928; Polish P;i,(. 
6695; Finnish Pat. 12,137, Aug. 29, 1928. 

UosEPii, T. L., S. P. Kinney and C. K. Wood, Am. /a..s7. Mininff Mrt 
Eng., Tech. Pub. 112, 1928. 

2 Koritschoner, J., and F. Hanscjiug, Hr. I»at. n)9,()17, .S(‘|)j l |<)2P 
Fr. Pat. 567,046, Feb. 23, 1924. 

3 Pepper, II. C., IJ. 8. Pat. 826,354, July 17, J90(). 

■‘Lambert, A., Fr. Pat. 477,988, Nov. 18, 1915. 

3 SoCI:6t^ 1 ELECTROMlfiTALLUROIQUE FuANyAiKE, Br. Pa.t. I K), 133, Aug. 1, 
1921; Fr. Pat. 501,835, Apr. 27, 1920; (Km*. Pat. 343,2(H, Oct. 29, 1921; 
Swed. Pat. 48,979, Jan. 19, 1920; Swiss Pa,t. 93,574, Mar. 16, 1922. 

® Miguet, P., U. S. Pat. 1,376,563, May 3, 1921; Rocuette Fui^utEs, Br. 
Pat. 141,666, Sept. 30, 1920; Fr. Pat. 519,819, June 16, 1921; Add Pal 23 
636, Dee. 14, 1921. 

See also Terazaki, K., and T. Saki, Jap. Pat. 37,489, Nov. 22, 1920. 

7 Williams, C. E. and G. E. Sims, U. S. Bur. Min,(\^ Penu. Invesida, 
2393 (1922). 
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iresumably because of the presence of silica. Peacock^ adds to feldspar 
nough lime to combine with the silica, and heats the mixture to 1400°C.; 
lost of the potash is said to be removed by volatilization. The alumina 
3 then extracted by digesting with an alkali solution under pressure. 
Experience with other processes indicates that the alkali would also 
ttack the calcium silicate, causing loss of alumina and soda. Rody^ 
eats feldspar or leucite with an alkaline earth metal oxide to a sintering 
emperature and then extracts the soluble alkali aluminate. Jourdan^ 
eats leucite and calcium carbonate to 1000 to 1400°C. and then 
sparates the resulting insoluble calcium silicate and soluble potassium 
luiniuate ])y means of water. In a later patent,'^ he states that iron 
arbonate acts as a good flux and that if the fused mass is cast into 
irge bhxiks and allowed to cool slowly, the blocks will spontaneously 
isintegrate and fall apart and at the same time give a higher potash 
xtractioii. 

Lambert*'”' heats an ore of aluminum with a proportionate amount 
f alkaline earth oxide or carbonate to form the normal aluminate. 
birium aluminate is soluble in water,, while cahdum aluminate is 
isoluble. In either case the melt is treated with a solution of sodium 
arbonate or sulfate and a solution of alkali aluminate is obtained 
ractically free of silica (?). Tyrer*' adds 2 mols of lime for each mol 
f silica and 1 for each mol of alumina. After fusion, the melt is 
xtracted with sodium carbonate solution. With higher molar ratios 
f an alkaline earth oxide, Soailles^ claims that the aluminous ore may 
e de(iomposed in a digester in the presence of water to form alkaline 
[irth aluminate. It is preferable to use very finely ground material 
nd to heat under jn’cssure. Kayser^ makes an artificial sodium-silico- 
luminate which is decomposed by furnaciiig with lime. The soluble 
Ikali aluminate is treated in the ordinary manner. Lindblad'** dec-om- 
OSes naturally-occurring alkali aluminum silicates by heating with 

' PnA{;ocK, S., U. 8. Pats. 1,035,812, Aug. 13, 1912; 1,036,897, Aug. 27, 
912 . 

Honv, F. A., U. 8. Pats. 1,151,533, Aug. 24, 1915; 1,263,705, Apr. 23, 
918. 

•Mourdan, F., Fr. Pat. 527,066, Oct. 20, 192L; Br. Bat. 195,084 (v^oid) 
|)j)li(‘d foi- Mar. 16, 1923. 

.louuDAN, F., II. 8. Pat. 1,020,212, Mar. 8, 1927; Br. Pal. 220,819, 
line 18, 1925; CJer. Pat. 425,797, Mar. 2, 1920; Fr. Pats. 550,993, Aug. 1, 
923; 591,043, Juno 26, 1925. 

Lambuht, A. D. A., Fr. Pat. 382,347, F('b. 4, 1908, 

'■Tyror, D., Br. Pat. 172,087, Nov. 24, 1921. 

^Beaillws, J. (1., Br. Pats. 277,697, Jan. 2t), 1928; 283,509, Juih‘ 21, 
928; Fr. Pats. 634,430, Feb. 17, 1928 649,029 D(m*. 17, 1928. 

» Kayser, A., IT. 8. Pat. 454,137, June 16, 1891. 

« luNDBLAD, A. H., Swed, Pat. 51,522, Apr. 26, 1922. 
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liirie in an electric furnace under redin^ed pressure, the alkali (Compounds 
being volatile. 

Furnace Processes Using Both Alkali and Alkaline Earth Carbonates. 

An alkaline earth aluininate formed by fusing alumina and an alkalitu^ 
earth carbonate or oxide may be changed into alkali aluminat(i by 
treating the product of the fusion with alkali solution a,s aborts (h^scribed. 
The alkali may also be added directly to the cliargc', Ix^forc^ it is fused 
and the extraction made with water. The probabilily that some 
silica will be dissolved and considerable soda and alumina prcanpilnled, 
must not be overlooked in considering these pnxu^sses. ('olhd-t' nu'lts 
a mixture composed of bauxite, alkaline earth metal oxides, a.nd sodium 
carbonate in an electric furnace. The molten ma,t(U’ial is run into 
water or allowed to cool. In either case, it is ea,sily brokem up and 
alumina can be extracted with sodium carbonates solution. It is 
claimed- that the yield of alumina is high and the sili(%‘i contemt low 
when bauxite is fused with sodium carbonate and a inixt-un^ of barium 
and calcium caibonatcs. The high cost of barium (^arl)ona(/(^ would 
be a considerable handicap. When an aluminum sili(^ate*' is hea,t('d 
with calcium oxide and sodium hydroxide, the alkali aluminatc^ fornuMl 
may be extracted with water. Kayser'^ fuses marl with tlu' addition 
of sodium carbonate; there is calcium (airbonah^ aln^a^dy pn^simt in 
the marl. Packard"’ fuses clay with sodium and calcium c,a,rl)onat(‘s. 
He uses 2 mols of Na^O for each mol of AhjOn and 2 inols (AO foi* (aich 
mol SiOo. 

Jebsen and WitP’ grind feldspar intimah^ly with (aiougli linu'st-om^ 
to combine with all the silica imesent and add pota^ssium ca.rl)oiia,te to 
serve as a flux. The potassium aluininate fonmul by Inhaling is soluble' 
in water, Rody^ claims that enough idkaliiui (^arth oxidi^ slioiild lu^ 
added to feldspar or leiKiite to form tlu^ alkaliiu^ (airth ortho-silicat{i 
and enough alkali to give 1.7 mols alkali for each mol of alumina,. Ih^ 
also says^^ that the iiresence of iron oxide decrea,s('-s tlu' nupiinMl amounts 

^ Collett, H., Cicr. Pat. 377,()()4, Juiu^ 23, P.)23. 

2 Electro-Metalluiioiio do SuD-lOsT, Kr. Pat. 3SU,()()S, Aug. 2S, iUOS. 

^ SociictA. lioMANA HoLFATi, Fr. Pa,l. 352,275, Aug. 7, 1905; M iiulliui, 
IL, Cer. Pat. 12,iM7, Mar. 24, ISSt; Lanolut, N. A., Swed. Pal. 25,.370, 
Aug. 29, 1908; lionv, F. A., and 11. M. Burksv, U. S. Pa,t. 1,151, 19S, .\ug. 
24, 1915; Br. Pat. 17,985 (1904), Sept. IS, 1905. 

Kayser, A., U. S. Pat. 708,501, Sept. 9, 1902; Ca,n. Pat. 81,871, .Ian. 
19, 1904. 

Packard, M., Br. Pat. 20,220 (1902) Nov. 13, 1902; (\n\ Pat. 182,412, 
Mar. 14, 1907. 

Jkbsen, G. and 0. Witt, Norw. Pa,t. 19,931, Mar. 14, 1910. 

^ Rody, F. a., LI. S. Pat. 1,285,79(), Nov. 20, 1918. ^ 

« Body, F. A., U. S. Pat. 1,495,498, May 27, 1924. 
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A alkali and alkaline earths. Martiid heats aiuininous earths with 
ailciuin carbonate and a small amount of alkali salt, preferably sulfate, 
riie mixed aluminates are digested at 80°C. with a carbonate solution 
)artly saturated with aluniinate. It is said that very little silica is 
)resent in the final product when the counter-current system of digestion 
s used. Considerable large scale experimental work was done with 
diis process, but it was not successful. The furnacing step gave 
trouble, and silica went into solution and contaminated the alumina, 
“^herwin^ sinters a low-grade ore, or red mud, with lime and a sodium 
compound, and leaches with caustic soda or residual soda licpior from 
}lie Bayer process. The temperature of digestion should not exceed 
200°F., since a higher temperature causes the formation of insoluble 
xjnipounds of soda, alumina and silica. Semi-commercial exj^eriinents 
vith this process did not give economically advantageous results. 
Jowles’^ states that in the ordinary fusion of an alkali silico-aluminate, 
I mols of soda are used for each mol of alumina and 2 mols of lime for 
jach mol of silica. He claims that a soda-alumina ratio of from l.l 
/o 1.76 gives good results and that, although the furnaced prodmT 
lissolves at a slower rate, the alumina can be precipitated more readily 
rom the aluniinate solution. 

Askenasy and Gerber‘‘ heat clay with Ijarium carlionate (1 BaO to 
. AUCn) and calcium carbonate (2CaO to ISiO-j) and sodium chloride. 
The resulting ])arium aluniinate is soluble in water and contains no iron 
ind little silica. The barium aluniinate solution is treated in the 
eguL'ir manner with sodium carbonate or sulfate solution. It is 
;lainied'' that an artificial product such as an aluminous slag can be 
used with lime and alkali carbonate to form soluble alkali aluniinate. 

furnace Processes Using Sulfides or Sulfates. 

Th(' furna,c(^ ])roc(\ss for fh(' fonnation of alkali aluininato 
K'coiiK'S soiii(‘what^ inoH' eomplicati'd when sodium ,sulfat(‘ is 
,ubsiltut('(l for (1 h‘ hydroxide' or carlioiiat.c^, in ordi'r to ri'duco 
ho cost of th(' alkali. Tin* first st('p in the reaction consists in 

’ Martin, K., U. S. Pnt. l,;r.M,sr)4, Oct. 25, 1921; Hr. Put. 9,662 (1915) 
h)v. IS, 1915; Fr. Pal. 475,476, May 18, 1915; Ocr. Pal. 332,389, tVb. 
, 1921; Sw(‘(l. Pal. 47,962, .Iun(‘ 30, 1919; Swiss Pn,t. 89, 956, .hilv 16, 1921; 
4()rw. Pat. 33,535, Nov. 14, 1921. 

-SiiHRWiN, P. S., (I. S. Pal. 1,422,004, July 4, 1922. 

■'Gowlus, a. lb, U. S. Pals. 1,508,777, Si^pl. 16, 1924; 1,514,657, Nov. 
1, 1924; 1,591,364, July 6, 1926; 1,591,365, July 6, 1926; Hr. Pat. 107,640, 
uly 4, 1917. 

Askunasy, P., V. UmiimR, Gcr. Pat. 306,355, !)('(*. 15, 1920; .sec* also 
26, 193 (1919), 

WlVlnTALLBAN 1C UND MnTALLUHGISClIE GUSLLI.SCUAFT, A.-G., Gor. Pat. 
^7,302, June 24, 1922. 
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converting the sulfate to sulhde or oxide eitluu' diriHdJy in tlu; 
charge or in another furnace. This is usually accomplish(HJ by 
heating the sulfate with carbon so that oxides of sulfur and carbon 
are formed. The sulfur gases evolve<l during the reaedion must 
be conducted away, and, if possible, convertc^d into otlu'r com¬ 
pounds or used for another step in the process. Tluur dilution, 
however, makes recovery difficult and expensive. 

When a mixture of aluiuina and sodiuiu sulfides is hea,t(id in tlui 
presence of superheated steani,* hydrogen suHide and soluble alkali 
aluminates are said to be formed. If air is suhstituUMl for tlu^ steam, 
sulfur dioxide is formed as a hy-imxluct. It is sta,ted l)y Sicuananu" 
that alumina in the presence of air will react with alkali suHa.te at red 
heat to form alkali aluminate and oxides of sulfur. In order to e.ausc^ 
a more complete decom])()sition, Ilershmau’^ adds lime to a mixtun^ ol 
barytes and alumina which is heated to I()()()°(k in th(', ])res(m(x^ of stc^ini. 
The resulting barium aluminate is solul)le in hot water. 11 is appanmtly 
good practice'* to add enough lime to the bauxite or otlier aluminous 
material to convert the silicia to orthosiliciatc. The mixtiini ol linu^, 
bauxite, and alkali sulfate is heated to ILOOT!. in the pn^semx^ of steam 
to form the soluble alkali aluminate and insoluble (^ahmim orthosili(;a,te. 

As was previously stated, the more general practical is to add (carbon 
to the sulfate and alumina mixture. The alkali sulfaU^ may be com¬ 
pletely reduced by the carbon to form alkali sullide and carbon monoxides 
or dioxide, depending upon the quantities used ami tlu^ temp(u-aturcs 
employed. Miiller*’ s[)ecifi(ially (controls tlu; condilions so (ha,t (tarbon 
monoxide is formed. To avoid the formation of sulfide^ INmiakoff'’’ 
adds only onc'-qiiarter tlu^ amount of carbon muawsary to c.om])l(^t<‘ly 
reduce the sulfate and obtains sulfur dioxides an<l (carbon dioxide'. 
Emery” i)roduces the same results by fusing the mixtriin^ of ha.uxit(*, 
sodium sulfate, and carbon in excess air. IkmiakoCf*^ (h'stuMix's a con- 

1 Weldon, W., Br. Pats. 8,;iS5 (187()) Nov. 24, bSVO; {1S7()) applied 
for Aug. 28, 187(5; Compagniic Geneualu L’Alumini-j, Br. Pa,t. S,()72 (,ISDC)) 
May 23, 1896. 

2 8IEHMANN, E., Br. Pat. 356 (1878) Jam 28, 1878; V,v.x\ Pat. 3.2S(), .lam 
18, 1878. 

® Hehshman, P. P., L). 8. Bat. 1,240,572, S(‘pt. 18, 1917. 

Rhenania Verein CiiEMiscaiER Faiuuken A.-G., Br. Bat. 211,232, 

24, 1926; Pr. Pat. 605,330, May 25, 1926; Swiss Pat. 120,253, May 16, 
1927; liOTiiE, F,, H. Brenek, U. S. Pat. l,()80,0()(), Aug. 7, 1928. 

‘■‘MtiLLEU, II., Gcr. Pat. 230,118, J.an. 16, 1911. 

'> Peniakoff, D. a., U, 8. Pat. 603,657, May 10, 1898; Br. Pal. 22,038 
(1895) Sept. 19, 1896; Ger. Pat. 93,952, Sept. 2, 1897. 

7 Emery, S. S., U. B. Pat. 818,754, Apr. 24, 1906. 

Peniakoff, I). A., Br. Pat. 14,707, (1908) Mar. 4, 1909; Fr. Bat. 396, 

Apr. 15, 1909; Gcr. ]>at. 247,763, .lime (), 1912; ('an. Ba(. 129,434, Nov 
1910. 
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minus process wherein a mixture of bauxite, carbon, and sodium 
ilfate or sulfide is fed into a revolving tube furnace, which is heated 
burning gas or carbon in the interior of the furnace. A higher 
uicentration of sulfur dioxide in the resulting gases is claimed. It is 
tiderstood that the Peniakoff plant in Belgium operated on a sodium 
ilfate fusion process before the World War. 



Fig. 39.—Diafrram of PoiiiakofF process for producing Jiliiminii. 


Tlie prescm^c of iron appears to jilay a more important role in the 
[fate furnace process than in the simple aliuninate process. For 
itaiHie, iron oxide or Iroid may be added to the reaction mixture 
combine with the sulfur as iron sulfide. This iron sulfide may become 
ry troublesome, howi^ver, since it easily forms (colloidal solutions or 
uble double sulfidcis in tlu^ presence of sodium sulfide, contaminating 

aluminate solution. Ihdudce- heats a mixture of bauxite, carbon, 
:ali sulfate, and iron (one ecpiivalent of iron as iron oxide for each two 
livalents of sulfate) to a high temperature. He says that iron 
fide remains insoluble when the mass is treated with water. It is 

PaojAiiN, F., U. R. Pat. 684,804, Oct. 22, 1901; Gcr. Pat. 112,173, 
1 C 9, 1900; Austr. Pat. 1,310, May 10, 1900; Br. Pat. 6,790 (1899), Mar. 

1900. 

Biohnku, J. H. C., Gcr. Pat. 7,256, Apr, 1, 1879. 
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also stated by Rayiiaaid' Uiat the oxides of iron do not interfere. In 
this case, however, steam is i)assed over the red-hot bricjuetted mixtiir(', 
and the sulfur eliminated as sulfur or hydrogen sullidc. Fleis(dier“ adds 
enough iron oxide to the mixture of alkali sulfate, bauxite, and carl)on 
to combine with the sulfur. An excess of lime over that re(|uired to 
combine with the silica is also added, resulting in the formation of an 
insoluble double sulfide of iron and calcium, and avoiding the soluhh^ 
sodium and iron sulfide complex. Miiller* heats a mixture of alumimi, 
sodium sulfate, calcium carbonate, iron and sulfur and tlien extrac-ts 
the sinter with sodium hydrosulfide solution and leaves as an insoluble 
residue the calcium silicate and a double sulfide of (uilcium and iron, 

Bihn^ treats the alkali aluininate solution with metallic. co])j)er, 
copper oxide, or oxysulfide and removes in this way the sulfides that 
are present in the solution. Freist*'’ precipitates the iron by means 
of a metallic peroxide, sesquioxide, or “hyperoxide.’’ Clcmin'’ inten¬ 
tionally forms an excess of alkali sulfide by fusing a mixture of bauxibu 
alkali sulfate, and carbon. The alumina is precipitated with sulfur 
dioxide or hydrogen sulfide gas, and alkali thiosulfate or sulfhydrab^ 
obtained as a by-product. After adding enough sodium sullate to form 
sulfide with the iron in a mixture of bauxite and iron oxide, Laur” ad<ls 
a sufficient quantity of sodium carbonate or hydrate to form !i (U)mpound 
which he gives as NafiAl-iOg. This aluininate, he says, is more stabler 
than the normal aluininate (NaAl 02 ) and is extracited by water umhu- 
a pressure which corresponds to a temperature of 1-10 to (daus‘‘^ 

heats a mixture of bauxite and alkali sulfate in a redinung atmosplu'ni 
and obtains alkali aluininate and hydrogen sulfide. 

Barium sulfate is sometimes used in ])lace of tlui aJkali sulfa,bu 
Tedesco^ heats a mixture of alumina, l)arium sulfa,b\ jind c/irbon (n a, 
red heat. The barium aluininate is dissolved in wabn* a,ml llu' barium 
lirecipitated as sulfate with alka,li sulfate. Iku-not and (Juirard"’ vary 
the procedure somewhat and after first heating a mixturi^ of ba,uxil,e, 

1 Raynaud, F., U. R. Pat. 612,304, Oct. 11, 1S98; Norw. Pal. r),3{)(). 
Mar. 29, 1897; Swed. Pat. 8,170, Aug. 14, 1897; Dan. Pa,l,. VA) 22 

lcS98. 

^FLinscHEH, F., IJ. S. Pat. 472,068, Apr. 12, IS92; Hr. Pal. 7,437 (IS91 i 
Feb. 13, 1892; Gor. Pat. 62,265, Apr. 25, 1892. 

’’MiiLLEK, IL, Ocr. Pat. 230,118, Jan. [6, 1911. 

'^Biiin, G. F., U. S. Pat. 331,182, Nov. 24, 1885. 

'■Freist, H. C., U. S. Pat. 328,478, Oct. 20, 1885. 

6Clemm, A., U. S. Pats. 845,854, Mar. 5, 1907; 8-l8,()12, Mar. 20, I9U7; 
Br. Pat. 6,478 (1006) *Mar. 6, 1907; Ocr. l^jits. 180,551, Jan. 21, 1907; 
185,030, May 14, 1907; Fr. Pat. 363,893, Aug. 9, 1906, 

Mjaur, F., Ger. Pat. 52,726, July 12, 1890. 

« Glaus, C. F., Br. Pat. 4,311 (1891) Mar. 10, 1891. 

"4’edesco, a., Ger. Pat. 19,767, Oct. 9, 1882. 

10 Pernot, L. and J. Guirard, Fr. Pal. -105,891, Jn,n. 15, 1910. 
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hariuni sulfa,to, and carbon in a, rod heat until the sulfate is reduced 
to suHule, they ])as8 steam and c.arhon dioxide over tlie material, forniiii^j; 
hydrogen sulfide and barium carl)onatc. The barium car])onate and 
alumina react to form soluble barium aluminate. Hydrogen sulfide 
j)recipitates alumina from this solution and forms soluble barium 
sulfide. liershman^ heats a mixture of alumina, barium sulfate, and 
excess carbon in the presence of reducing gas and steam at a temperature 
of 1000 to 1100°C. Soluble barium aluminate and free sulfur are 
formed. 

The sulfate process has been suggested for application to aluminous 
materials other than alumina or bauxite. For instance, when soda 
alum is fused with carbon,*'^ the product is AhOu.SNa'iS. The addition 
of 3 mols of quicklime results in the formation of soluble sodium alu- 
miuate and insoluble calcium sulfide. Takeshima’'^ roasts with carbon 
a mixture of aluminum silicate, 2 mols calcium carbonate for eacdi mol 
of silica, and 2 mols sodium sulfate for each mol of alumina, and after 
steeping the mixture in water obtains a solution of sodium aluminate. 
Beringer^ states that a mixture of clay, barium sulfate, lime and carbon 
should be heated for 8 hours at a red heat (1200°C.). The barium 
aluminate in the furnaced product is soluble in hot water and the calcium 
silicate is insoluble. An insoluble alkaline earth silicate is formed, 
according to Borchers,“ when clay is furnaced with an alkaline earth 
sulfate in the presem^e of a reducing agent and steam. The alumina 
is in a form which is readily extracted either by furnacing with soda 
or by treating with a solution of alkali. 

In addition to the reducing agents whi(;h have l)ecu mentioned for 
the reduction of the alkali and alkaline earth sulfates in the production 
of aluminates b}^ the furnace j}rocess, there still remains another c.lass 
to be coiisidered, and that is the sulfides. 

The reaction bctw(^en sulfide and sulfate produce's sulfur dioxide, 
which has ma.ny industrial uses. Peniakoff* palemte'd a j)r()cess in 
which bauxite is fused with a mixture of alkali sulfates and oiu^-fiftli 
of its wthght of a.lka,li sulfide. The prodtn^fs of tlu' r(%‘ictioii ai-(‘ solubh^ 
alkali aluminate a,ml i)ur(^ sulfur dioxitle. If iron pyrit,(^s is suhsbtuted 
for the alk.ali sullide, the reaction is more energetic* and iron oxich^ is 

^ IlKKsnM..\N, \\ It., U. S. Pa,t.. 1,240,571, Sept. IS, H)L7. 

“ hM.\NiiKL, P. A., Hi*, l^it. 20,047 {1010); 20,0 tS (1010} V^)i(l. 

T.\Ki':sniMA, U. S. Pat. 1,277,503, S('j)t-. 3, lOlS. 

Bmuincjur, C. a., (Ic'i*. Pat,. 275,2S7, June' 13, 1014. 

Boitoiimts, W., Gc'r. Pats. 300,002, Aug. 0, 1010; 300,()S4, Mar. 15, 
1020 . 

“ PuNiAKOFF, D. A., U. 8. Pat. 572,020, Nov. 24, ISOO; Br. Bat. 20,00-1, 
(1803) Aug. 18, 1804; Pr. Pat. 220,154, Apr. 5, 1803; Sw(‘d. Bat. 5,080, 
Aur. 27, 1805. 
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forinod as a by-product. A(ua)rdin| 2 ; to Peiiia,korf,‘ the iroii is i)roseiit 
in rod bauxite as FoaOs. After tlu3 l)auxite is fused witli sulfate and 
sulfide, the iron is present as FeO. In other words, part of the ()xy| 2 ;en 
in the ferric oxide can react with the sulfide to form sulfur dioxide, 
lie takes this fact into consideration in calculating the relative amounts 
of the materials in the charges. Barium sulfate (or strontium sulfat(d 
may be calcined with alumina and a sulfide/^ such as iron pyrites or 
barium sulfide, to form sulfur dioxide and soluble barium aluminahu 
Chlorides have been used in conjunction with sulfates. F'or insta,nc(‘, 
Lieber'^ heats alumina with sulfuric acid and sodium cliloride. Tlui 
first reaction is said to result in the formation of hydrochloric a(!id and 
sodium sulfate. Superheated steam, hydrogen, or a hytlrocjjirbon is 
passed over the heated mixture after the hydrochloric ac.itl is all ovoIvcmI. 
In another patent, Lieber'^ heats aluminous material with magnesium 
sulfate and alkali chloride in the j)resence of air or steam. C'hlorine 
or hydrochloric acid is first evolved, and then sulfur dioxide. Hering( 3 r^‘ 
forms barium aluminate by heating alumina with barium sulfa,Le and 
hydrochloric acid or a metallic chloride a,nd conducting steam over i,lu^ 
heated mass. 

Furnace Processes Using Alkali or Alkaline Earth Chlorides. 

The alkali and alkaline eartli chlorides may be used to form alu¬ 
mina tes. The alumina and chloride are heated to a high temperatun^ 
and air or steam passed over the red-hot mixture. The chloride' is 
decomposed under these conditions, forming clilorine when air is us(mI 
and hydrochloric acid when steam is used. Ac.c.ording to (dews,*' the 
following three reactions were observed at temj)enitures of <S50 to 
]050°C. and in the i)resence of moist air: 

A. 4x NaCd + y AhOu + x Ou - 2x Na-Al.y AhjOn + 2x ('h;. 

B. 2x NaOl + y Alo():i + x lIoO = x NaA).y Ah-O.-, + 2x IKd. 

Cl 4 HCl + O. = 211,0 + 201,. 

Reaction B api)eared to predominate, the evidence being (hat (lu^ 
chlorine formed results more from reaction (' than ,1. Ihniction B 
is reversible at about ]0()()°O. t'or compleln niactlon wKJi (,h(‘ Na(’l, 
an excess of A1,0;{ is more important than an ex(a3ss of 11 A), Marly 

1 Pkniakoff, D. A., Br. Pat. 22,039 (1S95) S(‘pl,. 19, bSOO; Oer. Pal.s. 
80,063, Feb. 12, 1895; 93,857, Aug. 25, 1897. 

2 Pkniakoff, D. A., Br. Pat. 6,096 (1896) api)li(*d for Nov. 19, 189(). 
Liiobuu, K. G., Br. Pat. 2183 (1877) ai)p!ie(l for Juiu' 5, 1877; (Icr. Pats. 

1049, July 12, 1877; 1736, Dv.c, 11, 1877. 

■‘Linnnu, K. G., Ger. Pat. 5610, Nov. 2{), 1878. 

Bkringku, C. a., Gcr. Pat. 244,221, Mar. 4, 1912. 

“ Chj'iws, F. 11., Chem. Eoc., 127, 735 (1925). 
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British patents to Gossage/ Weldon/-^ Griiiieberg and Vorster'^ and 
Hackspill and Salomon'^ describe the reaction between sodium chloride, 
alumina, and steam. 

Although he does not add steam as such, Blackmore" specifically 
states that hydrated aluminum oxide can be added to molten sodium 
chloride in order to form hydrochloric acid and sodium aluminate. 
Lichten))erger and Flor^’ heat a mixture of salt and alumina to a tem¬ 
perature of 500 to 600°C. in the presence of steam. They state that 
a porous product is obtained when 0 mols of salt are used for each mol 
of alumina and that salts of manganese, copper, chromium, magnesium, 
etc., act as catalysts. A continuous process is described by Peniakoff,' 
in which a mixture of salt, red bauxite, and a small amount of carbon is 
submitted to a gradually increasing heat under the combined action 
of a mixture of water vapor, sulfur dioxide, and air, or even sulfur 
dioxide and air onl 3 ^ The iron in the bauxite acts as a carrier of 
sulfur dioxide by the intermediate formation of sulfate and chloride. 
After the reaction is once started it is necessary to add sulfur dioxide^ 
only to replace the unavoidable losses. The alkali aluminate is dis¬ 
charged from the hot end of the kiln and the chlorine and hydrochloric, 
acid from the cold end. The carbon is added to reduce the alkali 
sulfate which is supposed to be formed as an intermediate product 
during the reaction. Solvay^ heats a mixture of aluminum silicate 
and calcium chloride in the presein^e of air or steam. The resulting 
calcium aluminate and silicaite are do(a>mposed by chlorine or hydro¬ 
chloric acid to give soluble chloride and a mixture of insoluble silica 
and alumina. According to liall,'*^ a mixture of calcium and sodium 
(;hlf)rides may be fused with bauxite in an atmosphere of air or steam 
to form calcium aluminate whi(;h can then be extracted with alkali 
carbonate solution. Simon and Pernot^" heat bauxite, lime and cjirbon 
in the ])resence of steam with enough sodium chloride so that sodium 

iGossAOio, W., Br. Pat. 2050 (1X02) api)li(‘d for July IS, 1S02. 

“ WioLDON, W., Br. Pai. 270S (ISOO) appli<‘d for Ort. 20, ISOO. 

'HliiirNOBHiKJ, II. a,nd J. Vokstkr, Br. Pat.. 2050 (1S74) applied for Ju!\' 
2S, IS74. 

‘‘Hacuvsimll, L., a,ti(l J. SauoM(jn, Chiinic cl Iti(h(s(ric Sprciftl No. 415 0, 
April, 192S. 

Blackmohk, H. S., r. S. Pat,. 018,772, Jan. 31, ISOO. 

MncmTKNBmuU'Ut, and Iv. Klor, Br. Pat. 231,147, Nov. 20, 1025; 
Pr. Pat,. 503,407, Aug. 24, 1025. 

7 PuxiAKOKK, I). A., P. S. Pat,. 1,045,007, Nov. 10, 1012; Hr. Pal. 30,321, 
(1000) Nov. 10, 1010; Kr. Pat. 120,401, Jan. 31, 1011; Svv(mI. Pat. 21,502, 
Nov. 22, 1010; Norw. Pat. 21,SS5, Doc. 4, 1011; Austrian Pal. 4S,003, 
July 25, 1911. 

^SoLVAY, p]., Br. Pat. 171 (1S77) ap})li(Ml for Jan. 12, 1877. 

Hall, G. M., U. S. Pat. 021,000, May 11, 1000. 

’“Simon, A., and b. Plrnot, Vv. Pat. 405,135, Dim-. 20, 1909. 



154 


THE ALUMINUM INDUSTRY 


aluminate is formed directly. They propose to use tiie hydrochloric; 
acid to foriri aluniinum chloride, which is added to the alkali aluruimito 
solution to })recipitate alumina. 

Not satisfied with a simple thermal process, Ciat^ pr()})oaGs to elo(;tro- 
lyze molten sodium chloride in a special furnace and allow the sodium 
vapors to react with bauxite. It is stated that the sodium va})ors react 
with iron oxide to form sodium oxide, which reacts with the alumina 
to form sodium aluminate. Sodium silicate is also formed and has 
to be separated from the aluminate. This method is novel in that it 
departs from the regular procedure of using air or steam to remove; the 
chlorine from the bauxite, chloride, and carbon mixture, but is thor¬ 
oughly imj)ractical)le. Another novel procedure is that suggested by 
Dutt.“ Arsenic trioxide is passed over a red-hot mixture of bauxite;, 
chloride, and carbon and the cldorine is removed as volatile arsenic, 
trichloride. 

Klein*’’ says tha,t he passes superheated stejim through a fused nuiss 
of clay or bauxite and sodium chloride and obtains soluble aJkali 
alumiiiatc and hydrochloric acid. Ae;e;oreling to a ({erman patent,'^ 
it is pe)ssible to extract the se)luble alkali after clay ami calcium chloriele 
are heated to a '‘red heat” in the i)resen(;e of air or steam. Idie 
alumina-containing residue is treated with hydrochloric; a(;id and then 
heated to 120 to 130°C. The silica becomes insoluble and the (;hloridos 
of calcium and aluminum may be dissolved in water. Alum inn ni 
chloride is changed into the oxide when heated at in the pr(;s(‘nc(; 

of air, while the calcium chloride remains unchanged a,ml (;a.n lx; dis¬ 
solved in water. In order to form mixed silicates for the manufacture; 
of glass, Frink*''’ furnaces a silicate smh as feidspa,r with sodium cl)lori(l(; 
in the i)resen(;e of steam and wa,ste gases contabiing carbon monoxide; 
and dioxide with sulfur dioxide, sulfur trioxide;, a,ml wad(;r. A limit(;d 
(luantity of lime is added to the hot mixtiin; with the; formation of 
mixed silicat(;s, soluble sulfates, !ind ahiminat(;s of tlx; alkali metals. 

According to Kayser,” an aeml sodium silicon,luminal,e; is forimxl by 
heating bricks or cakes of clay ami salt in the presem;e of st(;am. hiidi 

'Oat, J. I)., V. S. Pal. l,-17S,822, Dec. 25, H)2:i; (ha*. Pal. :ir)|),<)2(), 
Oct. 17, 1022; Norw. Pal. -10,170, Nov. 10, 1021; Hr. Pat. 17*1,OOS, !)<>(•. 21, 
1022. 

2Dutt, K F., U. S. Pals. 1,382,113, 1,332,115, Feb. 21, 1020; Hr. Pals. 
118,155, 118,150, Aug. 10, 1018; 124,553, 121,554, Mar. 21, 1010; 123,213, 
Feb. 20, 1010; 120,838, Nov. 28, 1018; 110,201, S('pt. 23, 1018. 

''Kran.x, P. Fr. Pat. 308,100, Nov. 10, 1000; (tan Pjit. 102,017, ])vv. IS, 
1000. 

•‘PUKN.VL, Fshkox, Doiuliimt J'JT Cm, (4cr. Pat. 100,710, Nov. 3, 1800. 

-Frink, R. L., U. S. Pat. 1,407,203, June 10, 102*1; Hr. I^it. 215,810, 
May 15, 1024. 

" Kavskr, a., P. S. Pats. 370,400, Jan. 10, 1888; 454,130, Jnn(‘ 10, 1801; 
Hr. Pats. 10,202 (1801) Oct. 10, 1801; 11,-102 (1887) Sept. 23 ‘1887. 
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percentage of alumina is necessary so that the cakes do not fuse and 
form a solid mass. After the first reaction is completed, the acid 
sodium silicoaluminate is converted into the basic salt by melting in a 
furnace with alkali. The hydrous sodium silicoaluminate remains 
as a residue after treating with water and can be decomposed into 
soluble sodium aluminate and insoluble calcium silicoaluminate by 
heating with lime. Cowles^ has made a number of improvements 
in this process. The reaction mixture is fed into a tunnel furnace in 
the form of briquets, to which carbon has been added to aid combustion 
and make them porous. Cowles emphasizes the fact that the rapidity 
of the conversion is dependent upon the amount of surface exj)()sed 
to the salt and steam. It is stated that the reaction is rapid at 1S00°F. 
The principal products of the reaction are sodium silicoaluminate 
and hydrochloric acid. Considerable work has been done on this 
process on a semi-commercial scale at Sewaren, N. J.- Ilalh^ heats 
briquets of aluminous material (high in silica) and sodium chloride 
to a temperature of 1000 to 1700°F. for 4 hours in the presence of steam. 
The resulting sodium aluminum silicate is ground and mixed with 
lime and soda and heated to 1300 to 1400°F. for 2 to 3 hours. A sinter 
is formed which is ground and leached with water to dissolve sodium 
aluminate. Separation of the silica and alumina in this process would 
be difficult and incomplete. 

Processes of Extracting Alumina from Cryolite. 

At the present time cryolite is seldom if ever used for the production 
of alumina. At one time it was used for the j^roduction of S{)da, since 
cryolite and calcium hydrate react to form insoluble calcium fluoride 
and soluble sodium aluminate. The alumina is a by-product when 
the sodium aluminate solution is decomposed with carl)on tlioxide. 
It is statcMl by Ifagcmamr^ that soluble aluminate is formed wlicn a 
mixture of (uyolite, liim*, ami bauxite is calcimul at a. real heat . Loewig 
and Loewig'^’ add enough bauxite to the cryolite and lime mixture before 
heating so as to form the normal aluminahn (lAl-iD.t to IXa-iO), 

iCowLKs, A. 11., U. S. Pats. 1,040,893, 1,040,St)4, 1,040,077, Oct. S, 
1912; 1,041,598, 1,041,59<), Oct. 15, 1912; 1,111,881, Sept. 29,1914; 1,123,093, 
Jan. 5, 1915; Br. IWs. 19,0()5 (1912); 19,004 (1912), PeO. 20, 1913; Fr. 
Pats. 448,105, 448,100, Jan. 24, 1913; Norw. Pat. 20.700, Pel). 28, 1910. 

MJowlus, a. II., McL (Iwm. Eug., 10, 059 (1912i. 

Pr()(\ 8//i I fit. Cong. App. ('Itctn., Met. (Iictn. Eng. 11, 140 (1913). 

J. Imt. Eng. ('hem. 6, 331 (1913). 

Eng. Miffing. J. 94, 530 (1912). 

I1.\LL, (t M., IT. S. Pat. 1,282,222, Oct. 22, 1918. 

Il.vuuM.vNN, 0. A., r. S. Pat. 87,042, Feb. 10, 1809. 

MjOKWKi, F. and O. Lonwm, Br. Pat. 1,550 (1877) Sept. 15, 1877. 
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l^etraeiis^ roasts the cryolite and caustic liuio and then leaches with 
water. This solution is boiled witli bauxite to dissolve the alumina. 
It is also stated that alumina is dissolved when a mixture of bauxite 
and cryolite is boiled with a solution of caustic lime. Baiier^ obtains 
a mixture of alumina and calcium fluoride by digesting 1 i)art cryolite, 
1 part calcium carbonate, 30 to 40 parts water, and 1 per cKuit alkali 
carbonate. Doremus^ obtains the fluorine in the form of hydrofluoimi 
acid by passing steam over cryolite heated just below its melting point, 
Silicon fluoride is also evolved while soluble sodium aliiminate remains 
as a residue. 

Processes of Extracting Alumina from Phosphates. 

According to Prentice,'* an aluminum phosphate ore is decomposed 
by fusing with sodium sulfate and carbon or by boiling with a solution 
of sodium carbonate or hydrate. The sodium phosplnite may be 
crystallized out of the sodium aluniinate solution and the alumina 
precipitated with carbon dioxide or calcium oxide. 

It has been stated that the alumina may be obtained from natural 
aluminous phosphates'' by digesting with sodium or potassium hydrox¬ 
ide. The alumina is to be precipitated from the alkali aliiminate 
after the alkali phosphate has been removed by crystallization. 
Another method is suggested in which the phosiihatc is digits ted with 
lime and the alumina dissolved by means of sodium carbonate solution. 
Laboratory tests indicate that these sejiarations are incomplete and 
unsatisfactory. Similar processes have been reiauitly projiosed and 
unsuccessfully tried in Japan by Onoda'* who treats an aluminum 
phosphate ore with a mixture of sodium and calduni hydrates under 
a pressure of 3 to 0 atmos])lieres. Lnough caldiim hy(lra^(^ is usiul to 
combine with both the ijliosiihoric add and tlu' silii^a, the (*al(’ium 
salts of which are insoluble (?) and, therefore, easily rmnovcul from 
the soluble alkali aliiminate. Perry^ first calcines the aluminum 
phosphate ore and then boils with sodium hydroxide solution. The 
sodium phosphate and aliiminate are both soluble and must \h\ si^pa,- 
rated. The aluminum can be precipitated by heating with silica, under 
pressure or by treating with sodium silii'ate, 

Pobinson^ uses a mixture of sodium hydroxide and sodium sulfide 
to decompose the aluminum ])hosphate ore. Tlu^ iron oxide and 
1 Pktrakus, C. V., lb R. Pais. 222,152, 222,153, 222,154, Dewe 2, 1S79. 

HAtmii, H., Gcr. Pat. 54,824, 1)('(^ 4, 18fK). 

'’Dohkmus, C. a., U. S. Pat. (>()(),()<M, Ov.t. 23. IJOO; Hr. I'at. 18,9()9 
(1900) May 4, 1901; Ckn-. Pat. 139,()2(), \M). 27, 1903. 

‘‘ PuKNTicn, M., Hr. Pat. 1,178 (1875) Nov. 2, 1875. 

‘•Townsend, J., Br. Pat. 995 (1871) appliial for Apr. 14, 1871. 

«Onoda, T., Jap. Pat. 63,082, Mar. 31, 1925. 

' Perry, D., Br. Pat. 156 (1882) applied for July 11, 1882, 

« Robinson, W. L., Hr. Pat. 2,069 (1876) applied for May 16, 1876. 
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sulfide are filtered off, the sodium phosphate recovered by crystal¬ 
lization, and the alumina precipitated from the sodium aliiminate. 
In the patent to Humfrey,^ the phosphate ore is first calcined and then 
ground and mixed with caustic soda solution and sufficient sodium 
silicate to combine with all the alumina The mixture is allowed to 
stand 24 hours and then lixiviated with hot water to dissolve out the 
soluble phosphate. The insoluble sodium silico-aluminate is ground 
in a mortar with lime to recover soda! It is stated that alumina may 
be used to combine with the phosphorus in the iron ore used in the 
blast furnace.^ The resulting aluminum phosphate is heated with 
salt and carbon in the presence of steam to form soluble sodium alu- 
minate and phosphate. It is doulffful whether even the first part of 
this process can be made to take place, since practical experience in 
smelting ores with high alumina slags (see Joseph, Kinney, and Wood, 
I). 144) did not show a removal of phosphorus in the slag. Tilghman^ 
heats alumina or subphosphate of aluminum to a red heat with alkali 
sulfate or chloride in a current of steam and obtains soluble alkali 
aluminate. To olffain the phosphorus as the oxide, Peacock’^ heats 
a mixture of alumina and calcium phosphate in thin layers to form 
calcium aluminate and volatile phosphorus pentoxide. In a process 
for the production of phosphorus, Collet"’ adds 10 parts bauxite to a 
mixture of 15 parts raw calcium phosphate, 3 parts coal and 1 part 
sodium carbonate, and heats in the electric furnace to liberate the 
elementary phosphorus as a gas. The calcium aluminate slag may 
be decomposed with sodium carb(}nate solution to give soluble sodium 
aluminate from which pure alumina may be obtained. A recent 
British patent^’ states that an aluminum phosphate ore is decompcjsed 
by heating with alkaline earth (u)mpounds and alkali salts. Tlie 
r(‘sulting alkali aluminate is soluble in water, while the alkaline earth 
phosphate is insolul)le. The addition of sulfides or chlorides in the 
pres(m(‘(‘ of steam is said to speed up the reaction. 


Desilication and Special Treatment of Aluminate Solutions. 

In connection with tlu' various processes for the forniation 
of soluble aluniinates, no gcmeral discussion has b(aui givcm of 
the removal of silica and other impuritic^s and the precipitation 

‘ liuMFKEY, C., Br. Pat. 3,323 (1877) Fch. 28, 1878. 

^Twynam, T., Br. Pat. 5,380 (1888) Mar. 16, 1889. 

•‘Tiwuiman, R. a., U. S. Pat. 5,383, Dec. 4, 1847. 

Peacock, S., V. S. Bat. 1,000,290, Aug. 8, 1911. 

Collet, E., Norw. Pat. 41,453, Juik' 15, 1925. 

'MtiiENANiA KuNHEfM Vekeiv Chemiscuer Fabriken A.-G,, Bl’ Pat. 
283,072, .Ia,n. 5, 1928. 
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of the alumina. In any digestion of aluminous material with 
alkali, most of the silica present is attacked by the solution. 
Probably all of the silica in the form of clay and perhaps some 
of it which may be present in the form of sand, goes into solution, 
but is reprecipitated again as insoluble sodium aluminum 
silicate. Some of the silica may be retained, howcwor, in solul)l(^ 
form in the sodium aluminatc solution, particularly whew 
concentrated solutions of alkali are employed for dig(\stion. 
Where appreciable quantities of silica are thus retained in 
solution, it is usually desirable to subject the solution to soim^ 
treatment to remove as much of the silica as possible b(^f(n'(^ 
proceeding’ with the pn^cipitation of the alumina. 

The formation of an insoluble sodium aluminum silicate going 
into the red mud is mentioned by Bayer and Le Cliatelic'r. 
PlalP adds lime directly to the digesh'r to causticiz(^ sodium 
carbonate (convert it to sodium hydroxide) and also to prc'vent 
the solution of silica. The early patents to Loewig- (l(\scribe 
various methods for the purification of alumina used in ilu^ sugar 
refineries and other industries which require adsorptive^ alumina. 
Caustic lime is said to remove iron and titanium oxide's anel 
silica from aluminate solutions. Experience she)ws, he)we've'r, 
that an excess of it may also precipitate alumina. Le ('hate'lier^ 
treats the alkali aluminate solution with ace'tic aciel te) ])r('cupi(-ate' 
the silica and leave se)luble acedate's of soeliurn and aluminum in 
solution. The soeliurn is tlie'u precipitated by aelding (liiosilie\‘it(' 
of aluminum. If hyelrochloric acid is use'd in plaeu' of neu'tie., 
the sodium is predeTably precipitate^d wilJi hyelrolluosiliene*, a,(nel. 
Neither scheme seems practical. 

A French patent'^ state's that the silie*.a is i)re'(npitn,teel from a, 
sodium aluminate solution by mere'ly eligesting it ai a pre'ssun' 
e)f 6 kilograms for 214 to 3 he)urs. A late'r paten)t^’ by t he' sa,me' 
company adds that the longer the solutiem is dige'sle'd a,ml the' 
highc^r the pressure, the levss silica remains in solution. Me't zke'r 

C. M., it. 8. Pat,. t)()3,lti7, I>c. 4, 1900; Hr. Pa,l. 1 1,573 (11)00) 
.lune^ 29, 1901; Gor. Pat. 13S,219, Jan. 3, 1903. 

M.oewig, K, Br. Pat. 3,195 (1879) Onl;. 21, 1879; Gcr. Pn4. 0,713, (Ft. 
13, 1878. 

'NjE CiiATELiEii, Br. Pat. 1,988 (1858) n-pplie'd for Mm.i*. 1, 1859. 

COMPAGNIE DES PitODUlTS IMKpiES I)’;\l.AIS E'l’ I)E LA GAMAIt(iUE, Pi’. 

Pal. 339,049, Oe4. 20, 1904; Br. Pa,t. 19,924 (1901) (Ft. 20, 1901. 

■’GoMPAemiE DEs Puoduits Ciiimiques d’Ai.ais et i)e I,a Gamargge, 
Oer. Pat. 197,881, May 2, 1908. 
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and Eiisr’ havo doscribod the results of tests of this method of 
desilicatiori. Sherwiii*'^ also states that the silica may be removed 
from the aluminate solution by digesting at temperatures of 
about 290°F. under pressure. Practical experience substantiates 
these statements. 

Verge’^ increases the soda ratio before he removes the silica 
by a pressure digest. McCulloch^ first precipitates the alumina 
and some silica by means of carbon dioxide and then redissolves 
the silica by adding fresh sodium hydroxide (equivalent to 
about 10 per cent of the total soda present calculated as sodium 
hydroxide) and digesting under pressure for 1 to 3 hours. Very 
little alumina goes into solution while practically all of th(‘ 
silica is redissolved. Practically the same results are claimed 
to be obtained if the precipitation with carbon dioxide is stopped 
before all of the alumina is precipitated.^ Most of the silica 
remains in solution. Martin® avoids the solution of silica by 
digesting the calcium aluminate with a sodium carbonate' 
solution partly saturated with aluminate. Arsandaux"^ adds 
codium carbonate and an equivalent amount of calcium hydrate' 
to the aluminate solution. The precipitated calcium carbonate' 
carries down the silica. The addition of freshly precipitated 
^salcium carbonate^ to the aluminate solution which is subjected 
^to a pressure of 2 to 3 atmospheres for 1 to 2 hours is said te) 
remove the silica. It is understood that this process has had 
('xtensive commercial use. Peniakoff*^ claims that less pressure^ 
and time are required if calcium aluminate is substituted for 

’ Mstzkkr, It. Riid F. Ituss Chou, tech. Milt. Staalsgoverhesrhule, 
17, I (19112). 

“Sukrwin, U. S., n. S. Pat. 1,4212,004, .liily 4, 1922, 

Vkr(R0, a., Fr. P;it. 37^,070, Aj)!-. 30, 1907. 

M(’(’ull(k:h, (1., V. S. Pa.(. 933,209, Ocl. 20, 1909. 

McdiiLLOcu, (J., V. S. Pat. 941,799, Nov. 30, 1909. 

M.vrtin, 1^1., V. S. Pat. 1,394,354, Oct. 25, 1921; Hr. Pal. 9,002 (1915) 
Nov. 13, 1915; Fr. Pat. 475,470, May 13, 1915; (ov. I^it. 332,339, Fch. 3, 
1921; Svvod. Pat. 47,902, .June 30, 1919; Swis.s Pat. 39,950, July 10, 1921; 
Norw. Pat. 33,535, Nov. 14, 1921. 

^ Arsanpaux, II., Fr. Pat. 301, 700, Oct. 31, 1900; .\dd. Pat. 7,343, Oct. 
30, 1907. 

« OoMl’A(tNIK DKS PrODUITS OhIMK^UKS V/V I)K LA ( '.\MARcano, Hr. 

Pat. 27,290 (1900) Jan. 24, 1907. 

■’Plniakoff, I). A., Br. Pat. 17,35(3 (1903) .'\ujz;. 5, 1909; 0(U’. Pat. 
221,370, A])!', 25, 1910; Norw. Pat. 18,901, July 15, 1903; Fr. Pat. 392,137, 
Nov. 19, 1903; Sw(‘d. Pat. 27,290, Aug. 7, 1909. 
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the carbonate. Any oxcesB of calcium aluininatc* may b(^ 
decomposed with sodium carbonate. 

Peffcr' claims that the silica content of the solution obtaiiuul 
by digesting bauxite with sodium hydrate is reduced if it is 
allowed to stand quietly in contact with the rod mud for several 
hours. On the other hand, Howard,- after diluting tlu^ solution, 
heats it to 100°C. with live steam in the presence of the red 
mud and prefers agitation. 

Hulirr'^ proposes to treat the aluminate solution with barium 
hydrate or aluminate, since the barium salts of silicic, phosphoric, 
titanic, huTic, and chromic acids are insoluble and j^nuiipitate. 
Hand and Kunheinr^ make the improbable statement that tlu^ 
addition of a small amount of phosphate either to th(^ bauxit(^ 
and soda fusion mixture or to the aluminate solution its(‘lf will 
make the silica insoluble. The phosphoric acid is to be ])r(^cipi- 
tated from the solution with a little lime and this brings down 
the last of the silica. 

Verge^’ adds the bauxite directly to a special digester whicli 
disintegrates the solid in situ by very rapid stirring in the sodium 
hydroxide solution and then digests the mixtures ai- 2.5 to d 
atmospheres pressure while the agitation is continiKul. The 
patent states that very little silica is found in the final })roduct 
since the temperature emidoyed is low, and, tliendore, on\s 
containing higher percentages of silica may be iiscul. 

Spence and Craig'’ states that alumina doc's noi. spontaiu'ously 
precipitate from a sodium aluminah' solution whieJi is sta,l)iliz(Ml 
by the addition of 1 to 11'2 p('r cent of sugar, glye.c'riiu', or st.arch. 
Some organic matter is usually found in the raw innt(‘riaJ as 
humus, etc., and its presence in the aluminah^ solid ion may 
an objectionable feature, especially in tJu' aul.()-j)r(‘cipd,a.t ion 
I'rocess if alumina is actually held up by th(‘ })n‘S(m(U‘ of orga,ni(‘, 
matter. This is a d(^bata})l(^ (piestion and (!an not Ix' answm-ixl 
at the present time. A calcination of t-lu' crud(' rnaU'rial will 

’ Peffer, II. G., U. B. Pat. OSS,432, 0(4,. 2(), 1000. 

2 Howard, li,, IJ. 8 . Pat. 1,137,H()0, Mjvy 4, 1015. 

Hulin, P. L., Ger. Pat. 71,407, Oc;t . 2, 1S03. 

Hand, A. and H. Kuniieim, Br. Pat. 14,057 (IS02) Juih' 10, 1S03; G('r. 
Pat. 68,304, Apr. 10, 1893. 

Vkroe, a., Fr. Pat. 307,211, May 3, 1000. 

Si'KNCE, Ti. and T. J. 1. Craig, U. S. Pat. 1,157,436, OG. 10, 1015; Br. 
I^it. 20,070 (1013) Sept. 17, 1014. 
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destroy the organic matter. Bleaching powder^ or sodium 
hypochlorite^ have also been proposed as a means of destroying 
the organic matter in the original material. Hirsch and Russ*^ 
pass ozone through a dark-colored solution of sodium aluminate 
to destroy the organic matter and claim a more complete pre¬ 
cipitation of alumina which is pure white. 

Precipitation of Alumina from Aluminate Solutions. 

A very early English patent by Le Chatelier^ lists the various 
means which may be used to precipitate alumina from an 
aluminate solution. 

1. C'arbon dioxide gas. 

2. Sodiiim bicarbonate, 

3. Ammonium car}K)natc and bicarbonate. 

4. Spontaneous separation of alumina from an aluminate 
solution supersaturated with alumina. 

5. Acids, especially hydrochloric, hydrogcm sulfides being 
also mentioned. 

6. Ammonium chloride, calcium chloride, etc. 

7. Aluminum chloride solution. 

8. Metallic salts, especially chlorides. (Metallic base and 
alumina precipitated.) 

Ihiyer’’ precipitates the alumina by agitating the solution 
with a seed charge of aluminum hydrate. Instead of rapidly 
agitating the solution, Fickes*’ proposes to pump the solution 
and the suspended hydrate from the bottom to the top of the 
t,ank and allow the alumina slowly to settle through the solution. 
Sherwin”^ varies the procedure somewhat, since, after pumping 
th(‘ material From the l)ottom, it is spraycal through the air (to 

^ Bradruhn, J. a. and J. D. Pknnock, V. S. Pat. 461, 410, 0(d„ 20, ISOl; 
Br. Pat. 17,033 (ISO!) Nov. 2S, ISOl. 

- IvLKiiNMANN, P., Hr. Pat.. 2()(),225, F(4). 25, 1027; Fr. Pat. 575,700, Aiip;. 
0, 1024; (lor. Pat. 430,540, .)a,n. 15, 1027. 

Hirsch, F. and F. Ituss, Clcr. Put. 2tS4,G01, June 2, 1015 
•' Lk (diATHLinit, Br. Put. 057 (IS50) Sept. 20, 1S50. 

^>Baykr, K. U. S. Put. 3S2,505, Muy S, LSSS; (ler. Pat. 43,077, Aug. 
3, IHSS; Hr, Put. 10,003 (1SS7) Juni' 15, ISSS. For u. (‘ontiniious proc(‘ss sih' 

('oMPAIiNIIO DKS ProDUITS ClllIMlQUIOS KT I'OuOCTROMH'I’AI.LIHH JKiC K Ai.AIS, 

Frohes, et CAMAiKHJi-:, Fi*. Put.., ()14,S()3, D(‘c. 24, 1020. 

‘’Fickhs, Ft S., H. S. Pat., lioissiu^ 13,00S, Jun. 0, 1014; Hr. l^it. 20,003 
(1012) Muy <S, 1013; Fr. Put. 451,503, Apr. 22, 1013; (lor. Put. 31l,30S, 
Mur. 20, 1010. 

' SiiKKWix, H. S., U. S. Puts. 1,251,205, 1,251,200, Doc. 25. 1017 
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cool), into the top of the tank. Both proccclurcH have been 
extensively used commercially. 

Starting with an aluminatc solution of 50° Be. gravity, Tot/(‘- 
Iciii’ dilutes it with 5 to 6 volumes cold water in order to 
precipitate the alumina. It is preferable to add the water in 
several portions and filter after each dilution. 

Alumina may be precipitated from a concentrat(^d barium 
aluminatc solution by agitation, preferably in the presences of 
crystallized alumina, or the barium may bo first eliminatcHl as 
insoluble barium sulfate by adding sodium sulfates and the 
soluble sodium aluminatc treated in the regular maniu^r.*'^ 

Russ‘S investigated the conditions favorable to the precipitation 
of alumina in the Bayer process and recommeiukul having tlu^ 
alumina and soda present in the molecular proporlions of I ALiO.-j 
to 1.24 NaaO in a solution of specific gravity 1.24; undcu* these 
conditions, a yield of 85 per cent of the alumina pi’(\s(mt is 
obtained. 

Alumina is precipitated from an alkali aluminatc solution 
by carbon dioxide. The conditions of the precipitation may 
be varied to take care of certain impurities. Jordan ' prelunU-s 
the carbon dioxide between 20(3 and 400°k. before passing it in(,o 
the solution. This heating is claimed to prevemt (Jk^ formation of 
insoluble sodium compounds, and hence the soda conlcml. of tiu^ 
alumina is reduced. Miner'’’ precipitak^s th(‘ alumina from an 
aluminatc^ solution by incaxus of carbon dioxides at a t(*inp('ratur(^ 
high enough to k(‘('p the silica in solution. P(uiia,ko(T'' propos(‘s 
to purify the carboiiak^ after the alumina is filt(a‘(al off by pa,ssing 
in more carbon dioxide to precipitate tlu^ bicarbonate, whicJi 
is insoluble and can be rciuoved by filt ration. 

It is claimed that an insoluble compound of sodium a-nd 
aluminum may be made by adding an aluminalx^ solution to a 
sodium bicarbonate solution saturatxal with (‘.arbon dioxid('. 
This '^carbonated alkali aluminatc”^ Na^O.Alo(J;,.2('(>0.51 RO, 

^ Thteljoni, a. }in(l I. Sziiimay, Cl('r. I^ats. ()c(. i, 

1919; Swiss Pat. 73,101, Au^. lO, 19I(). 

^ PiONiAKOFC, D. A., Hr. Pa-ls. 0,090 (189()) a.|)j)li(‘<l foi’ Nox', 19, 1<S90; 
10,252 (1S90) appli(‘tl for May 13, 1890. 

Puss, P., Z. (inorg. ('hem., 41, 210 (1904). 

‘Mordan, II. W., P. S. Pat. 091,470, Jam 21, 1902. 

“Minor, (t (t, U. S. Pat. 1,324,318, Doe. 9, 1919. 

'* PiONiAKOFF, 1). A., Pr. Pat.. 405,011, Jam S, 1910. 

Umowio, P., Br. Pat. 3,195 (1879) Oat. 21, 1879; (lor. Pats. 0,713, Oat. 
13, 1878; 19,784, Oct. 12, 1882, 
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is soluble in dilute acids. The addition of a saturated solution 
of sodium bicarbonate to a solution of sodium aluminate is said 
to precipitate a carbonated compound whose formula is 3Na20.- 
3 AI 2 O 3 . 5 CO 2 . When magnesium bicarbonate is substituted for 
the alkali bicarbonate, a similar compound, Al2O3.MgCO3.3H2O, 
is precipitated.^ Nishiri^ recommends the addition of minute 
quantities (0.01 per cent) of ammonium salts, such as ammonium 
carbonate, to aid in precipitation. 

While carbon dioxide is more commonly used, several investi¬ 
gators have suggested the use of hydrogen sulfide-^ or sulfur 
dioxideas a means of precipitating alumina from aluminate 
solutions. If it were not so expensive and poisonous, hydrogen 
sulfide could bo used to advantage in the case of a barium alu¬ 
minate solution, since barium carbonate is insoluble and barium 
sulfide is soluble. 

It is stated that alumina may be prepared from calcium 
aluminate*'^ by cautiously adding hydrochloric acid and dissolving 
out the soluble calcium chloride. Another method‘s consists 
in dissolving some aluminate completely in hydrochloric acid 
and then adding an equivalent quantity of aluminate, whereby 
the alumina is precipitated. A solution of aluminum chloride” 
also may be added to an aluminate solution to precipitate the 
alumina. 

Roberts^ and Schwerin'* have proposed electrolytic methods 
of separating alumina from aluminate solutions; they appear 
ex})(‘nsive and impractical. 

1 Lohwkj, K., (U'r. Pat. 70,175, July 5, IS93. 

T., Jap. Pat. 30,040, Mar, 29, 1920. 

•’MtiLLioH, 11., (U'r. Pat. 230,1 IS, Jan. 10, 1911; Pkknot, \j. and J. 
(hiiRAUi), Fr. Patu J05,S91, Jan. 15, 1910; Lu CJiATULinu, Hr. Pal. 957 
(1S59) S(‘pt. 29, IS59. 

A., U. S. Pats. 845,854, Mar. 5, 1907; 848,012, Mar. 20, 1907; 
Hr. Pat. 5,478 (1900) Mar. 0, 1907; (Inr. Pats. 180,554, Jan. 24,1907; 
185,030, May 14, 1907; Fr. l^at. 303,893, Au^. 9, 1900. 

Ma)HWI(}, F., and (J. Lokwhi, Hr, Pat.. 1,550 (1877) S('p1. 15, 1877, 

‘Ma)I 0W1<{, (1., U. S. Pal. 201,028, Mar. 5, 1878; ( Um-. Pats. 93, July 3, 
1877; 1,050, 21, 1877; 2,248, M). 5, 1878; Dutt, K. Iv, F. S. Pat. 

1,332,115, F(4). 24, 1920; Hr. Pal. 120,838, Nov. 28, 1918. 

'Simon, A., and H. Purnot, Fr. Pal. 405,135, IX'c. 20, 1909. 

« UonnuTs, I. H., F. S. Pat. 083,000, Sept. 17, 1901. 

•> SOIIWKRIN, H., F. S. Pat. 1,210,371, Fed). 20, 1917; Hr. Pats. t),727 
(1915) July 22, 1915; 7,212 (1915) Supt. 10, 1915; Fr. Pat. 511, 712, Jan.3, 
1921; Far. Pat. 305,304, Apr. 30, 1918; Swiss Pat. 71,918. Mar. 1, 1910. 
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Alumina precipitated by carbon (li()xi(l(‘ may contain so me 
insoluble sodium compound. This soda may he rmiovinV by 
boiling the alumina with a solution of ammonium sail., such as 
ammonium chloride. Ammonia and solubl(^ sodium chloride 
are formed. According to Peacock;^ tlu^ last i/raccss of alkali 
in crude alumina may be removed by dig(\sl,ing with silic^a and 
steam under pressure to form soluble alkali siIi(?al-('. 

8herwiir‘* has patented the us{^ of a thiekenuu' and elassifKn- 
of the Dorr type for the removal of thc^ aluminum hydrati^ from 
the mother liquor and the separation of the coarsen and tine 
particles. 

ALUMINA AND THE CRYSTALLINE HYDRATES OF ALUMINUM 

The hydrated oxides of aluminum hav(^ Inum (,h(' subj(H4. of a 
large number of inv(^stigations because^ of (heir in(-(‘r( sdng ])r()p('r- 
ties, and many attempts have b(‘(‘u madc^ l-o (l('(>{n’min(r tlieir 
composition and constitution. This has 1 (h 1 (,o conflicting s(,at(‘- 
ments in the literature, and it has been only since^ the applieai ion 
of X-ray methods to th(^ problem that (he diflereiit compounds 
have been accurately classified. now hav(^ Ikmui id(m(l(i('d 

two hydrates, the rnonohydrate and (h(^ trihydni(.(', in addif ion 
to the anhydrous oxid(^ Two or mon^ erys(,nllin<‘ forms of ('aeh 
have been discovered, however, and souH‘(hing k'ariu'd of (lu^ 
conditions under which each is lormed. In onk'r (,0 icbnidfy ('n,(4i 
form, the following iionKnuhil un^ for (.h(‘ difb'nmf forms of alumina 
(AloOjj) is in use and a similar nonKnielaf un^ is })rop()S('(l for (1 h^ 
hydrates of aluminum. 

a:-AloO:j (corundum). 

The oxide AloO;} is found wid('spr(\‘i(l in nnXun^ as (lu' mineral 
corundum, o'-aliiinina (artificial corundum) nnhs, a(au)rding (o 
Kanolt/ at 2050*^0. According to Wrigiif,,*' i(ns r(‘l\ra(‘( iv(‘ indic(‘s 

UUiADnuRN, J. A., {ukU. D. Pknnock, U, S. Pm,(,. ■101,.110, ()c(. 20, IS9I; 
S/JUMAY, L, iuul A. IVrnLKivi, ()(m\ Pal,. 299,0.^1, <)c(,. -1, 1919; Noksk 
riYDRo-EnnKTiiisK Kvaiolstof A/s, iq*. r)79,S(>-l, ()<9. 20, 192'1-. 

M^uacock, S., IJ. S. Ph(..s. L,00r),SP2, m, mil); 1,():9),S97, Aug. 27, 

1912. 

^SIIKRWIN, li. s., u, s. PaiH. i,nir),()ir), i,:ii-i,709, 1,.21-!,710, Sc'pi. 2, 

1919; Hr. Pat. 153,352, Nov. 11, 1920; Kr. Pat. 501,732, Apr. 23, 1920; 
Norw. Pa-t. 32,151, Apr. 18, 1921. 

ICanolt, J., lKr/,.s7i. Aaid. Sci.^ 3, 315 (1913). 

^ WiiHuiT, F. N., Am. ,/. NcA, 28, 321 (1909). 



THE PRODUCTION OF ALUMINA 


165 


are e = 1.760 and w = 1.768, and its hardness 9, while its mean 
refractive index is 1.765, according to Rankin and Merwin.^ 
Its density is 3.91. It is the form which fused alumina ordinarily 
takes upon solidification. The hydrates of aluminum are also 
converted to e'-alumina upon ignition at high temperatures, 
above about 1200°C., and slowly at even lower temperatures. 
The crystal structure of a-alumina has been investigated by 
Davey and Hoffman,^ Bragg and Bragg,^ Davey,^ Maginn,^ 
Pauling and Plendricks,^^ and Ullrich.^ 


Rankin and Merwin^ have discovered another form of 
alumina, not found in nature, which they have designated as 
^-alumina. They have described it as follows: 

/3, the new form of aluminu, is found to occur occasionally in charges 
of pure alumina which have been melted and slowly cooled. Having 
once formed, it has not been found possible to cause this form to revert 
to the «-form, even when held at temperatures above or below that 
reciuired for melting. The i)resence of a small amount of MgO (0.5 
per cent) materially assists in the formation of this new form, while 
melted alumina containing small amounts of either CaO or SiOo when 
cooled lias been found to crystallize as the cn-form (corundum). It 
would appear, therefore, that I3-Al>0;i may lie monotropic with respect 
to the oj-form, although the exact relation existing between these two 
forms is un(‘ertain by reason of the experimental difliculties involved 
in investigations re(iuiring such extremely high temperature. 

is hexagonal, often aiipearing in grouiis of overla])ping 
tihuigular plates with j)crf(M‘t basal (cleavage. The refractive index 
apiiears to vary, even in preparations made from our purest alumina, 
due acc.ount being taken of the dillicadty of getting properly oriented 
sections. The A’alues found are l.hlhh to l.hoO. In the same ])repara- 
tions, CO was 1 .()77 + 0.003. In preparations containing JMgO, e may 
be as low as 1.020, and co may vary between 1.005 and l.OSO. Jkit no 
relation between the (U)ntent of MgO in the melt and the refracti\'c 
index of the crystals has appeared. 

^Rankin, O. A,, IT. E. Mhhwin, ./. Am. (Inmi. Sor., 38, 50<S (1010). 

2DAvnY, W. P., K. (). Hoffman, PIujs. Rev., 16, p. 333 (1020). 

3 BaAG(i, W. il. and W. L. HiiA(ai, " X-ray and Crystal vStructun','’ 3rd Ed. 

Davey, W. P., Phi/s. Rev., 21, 710 (1023). 

Maginn, Co in. pi. irmL, 178, 7S5 (1024). 

PAULiN(i, L. a.nd S. B. I Iknoiucks, J. Am. Chem. Xoc., 47, 7S1 (1025). 

'■ Ulluioh, Norsk' Cvol. Tidskrift, 8, 115 (1025). 

Rankin, (1. A., II. hk Merwin, J. Am.. Chem. Soc., 38, 568 (1916). 
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Some iirtiliciiil aluinimi* ahrafsives have been fouiul (,0 (U)n(.ain small 
amounts of this, having 6 = 1.631 and co = J.()74. 

Saunders and White have patented a method of producing 
id-Al20n by fusing alumina with a sodium compound such as 
sodium carbonate.^ Ullrich,Pauling and Bjorkeson,'^ and Gott¬ 
fried'^ have investigated the crystal structure of (S-AUOn. 


y-AUO'i. 

When aluminum monohydrate or trihydratc'- are dehyrated 
by heating, the product first formed is amorphous, Wlnm 
heating is continued at higher temperatun^s, say al)ov(^ bOO^G., 
a new phase begins to ai)p(^ar which giv(\s an X-ray [)att(n'n 
different from that of the hydrates or alumina. Ulus t/ransition 
phase may be designated as 7-alumina. Ih^ating 7-alumina at 
temperatures above about 1200°G. n^sults in its conveu’sion t.o 
o:-alumina; the lines of corundum app(‘ar faintly on long heating 
at somewhat lower temperatures. It app(‘ars to Ix' tln^ sanu' 
product listed by liarisen and Brownmilhu’'* as 7-alumina and 
formed by heating precipitated alumina for 6 hours at 900 to 
950 °C. Describing it, they state: 

Microscopic examination slunved this material to I)e isotropic; with 
an index of refraction of l.()0() + ().()()3. Its spcca'Iic gnivity was 
found to be 3.47. This probably is the same a,s the material rcporl.ed 
by UllriclP as 7-alununa. Its X-ray dilli’acllon pattcu'ii does not cori’C'- 
spond to that of the i^^-aluinina described by Ihinkin and Meuavin, 

a-Al20:{.3H20 (gibbsite). 

Aluminum trihydrate occurs in natun' as (h(‘ mimu'al gibbsitc', 
and this form of trihydrate is found in tli(‘ so-calhul “ trihydralc; 
Imuxites.” It can be made by aut()-{)recipita4ion from sodium 
aluminate solutions, as in Hk^ Baycu* f)roc(‘ss. Milligan,in tlu' 
authors^ laboratory, lias shown that auto-prc'clpitalcul aluminum 

^ (3-A]‘iOn sopurjiic'd from arlifichnl alumina, abrasive* wa,s analyze’d by 
II. b. \Va,shiag(,()ii and lound 1,0 ha.vc ( he* e'he'iuie’a! e'oinj)e)sit ie)M Ah.!();t; 
its density is 3.30 ± 0.01. 

^Saundkus, L. K, and It. 11. Whits, U. S. Pat. I, LOTTOS, April L>;b lOIS. 

Ullrich, NorHcHeoL TulHcriJl 8, 115 (10125). 

‘‘Paulino, A. Bjohksson, IWoc, Nnl. Acad Sci\, 11, •115 (1025). 

HIottfrisi), Ct, Z. KrynL 66, 303 (1028). 

MIanssm, W. Ch, ]j. T. BuowNMmiam, .1///.. ,/. Sci., \', 16, 225 (I02S). 
S('c also J)s Lapcauiont, 1., E. Stiompfi-u., ('ompl. rend, 187, 305 (1028). 

^ Ullrich, Norak. Gaol TUHcrift, 8, 115 (1025). 

« Millioan, U., /V///.s‘. Uhem., 26, 247 (1022). 









THE PHODUCTION OF ALUMINA 


167 


trihydrate, made in the commercial operation of the Bayer 
process, gives the same X-ray pattern as gibbsite. Gibbsite 
is monoclinic and its refractive indices are a = 1 . 566 , ^ — 1 . 566 , 
7 - 1.587.1 


i3-Al20a.3H20. 

B()hm,‘'i Hansen and Browniniller,=i Huttig and von Witt¬ 
genstein,'^ Biltz, Meisel, and Lchrer,!’ and Fricke,® as well as the 
senior author, have observed the fact that the trihydrate pre¬ 
cipitated under certain conditions gives a different X-ray pattern 
and has different properties from a-trihydrate or gibbsite. 
This form, which may be designated as iS-Al203.3H20 or simply 
0 -trihydrate, is produced by precipitating aluminum chloride 
solutions with ammonium hydroxide in the cold, by saturating 
a solution of sodium aluminate with carbon dioxide, or even by 
auto-precipitation from sodium aluminate solutions under 
certain conditions. It can be dried at 110°C. without loss of 
wat(u* or change of form. It is more soluble in alkali than the 
cK-trihydrate and appears to be a metastable phase, since it goes 
over to e:-trihydrate upon continued shaking or long standing 
in contact with alkali. The transformation to a-trihydrate is 
accelerated by heating in contact with alkali solution. Fricke 
states that the formation of /S-trihydrate occurs when the 
pn'cipitation is comparatively rapid, and that with very^ vory 
slow pr(‘cipii-ation, a-trihydrate is formed. 

Ihlt-z, M(MS(d, and Lc'hnn- ('xpress the opinion that jd-trihydrate 
is a< hydrate of the monohydrate and give it the formula (AloO.-j. 
1-T2()).2H20, while Huttig and von Wittgenstein call it an 
“isonuM*'’ of gibbsil-(‘. 

Fxp('rini(mt.s in th(' authors’ laboratory have shown that 
alumina, auto-precipitatcal in tc'st^ tiib(‘s, and which has stood in 
contact with sodium hydroxi(l(' solution for 20 hours at room 
t(Mn])(‘rat.ur(^, is /^-t.rihydratix Aft(U' standing in c{)ntact. with 

> Larson, K. S., U, S. (h‘oL Siim'n Bull. 679, ‘21S (11)21). 

“ HoiiM, ,J., Z. unorij. ullgcui. Oluuu., 149, 20^ (11)25). 

Hanson, W. (f, L. h. Bkownmii.loh, .1///.. ./. Nra, 6, No. 15, 221) 
(11)2S). 

IIuTTio, (}. K., K. VON WiTTciONSToiN, Z. (luorg. (lUgcni.. Ohcui.., 171, 
323 (ll)2S). 

•'(Ui;rz, W., K. Moisi-a., (1. A. Lourer, Z. uitonj. uHgvin. Oht-m., 172, 
21)2 ( 11 ) 28 ). 

'' Krioko, IL, Z. auorg. ullgcm. Oheui., 176, 2-11) (11)28). 
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alkali for ten days, the X-ray pattern has begun to show signs 
of a new phase; after 7 months, it gives the pattern for a-tri- 
hydrate. Aluminum trihydrate precipitated from alkali solution 
with carbon dioxide gives the |6-trihydrate patbirn, l)ut after 
boiling in sodium hydroxide (110°C.) for 24 hours, it was partially 
converted to a-trihydrate. These experiments are in agreenumt 
with the findings of Fricke. On the basis of his laboratory 
experiments, which showed /?-trihydrate formed by auto¬ 
precipitation from sodium aluminate solutions (even when 
seeded with cv-trihydrate), Fricke concluded that it was th(^ form 
obtained in the Bayer process and suggested calling it ^M)ay(n'it(‘.” 
This conclusion was incorrect, however, for, as noted by Milligan 
and checked many times by us, the Bayer process (auto-precipita¬ 
tion without carbonation) op(n*at(Hl on a large scak^ yields 
a:-trihydrate. Fricke later reached the same conclusion.* 


O'-Al2O3.H20. 

Aluminum monoliydrate is a common constituent of many 
bauxites, of which French bauxites are typical. The riaim' 
a-monohydrate is suggested for this form of monohydrate. 
The formation of c>;-monohydrate by heating a-trihydra(.(‘ in 
alkali (or water) under pressure was discovered by Tosterud,- 
although not published at the time, as it was the basis of pemding 
patent applications. 

Although appearing much later, Bohm-'^ appe^ars to liav(' bcMm 
the first to publish a description of tlu' production of f\f-m()n(>- 
hydratc, or ^‘synthetic bauxite,” as he called it. 

i 9 -Al 203 .H 20 (diaspore). 

Another monohydrate of aluminum is found in nal-un' as th(‘ 
mineral diaspore. Its X-ray patbnn is characl-(‘ristie,ally 
different from that of a;-monohydrat(^ just desGrib(‘d, and may Ix' 
termed “/^-monoliydrate.” The (lifferenc(‘ b(fi.w(xm t!i(‘ form of 
monohydrato found in bauxite and diaspore has also Ikhui nobal 
by Haber,'* Bohm,'’ and others. Diaspore is orthorhombic and 
its refractive indices are a = 1 . 702 , /j = 1 . 722 , 7 = 1 . 750 .'* 

^ Pric'ko, R., Z. anorg, allqcm. Chem., 179, 2S7 (1920). 

“Tosteuud, M,, Can. Tat. 2S.5,P^7, Nov. 27, 102S. 

Br)HM, J., Z. (inorg. allijcni, (linn., 149, 203 (1925). 

' Haber, F., Ndtnnv,, 13, 1007 (1025). 

Bohm, J., Z. anorg. allgnn. (linn,., 149, 208 (1925). 

« Lau.sen, F. S., U. S. (}coL Survey, Bull., 679, 227 (1921). 
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Miscellaneous Uses of Alumina and Aluminum Hydrates. 

Aside from its major use in the production of aluminum, the 
pure calcined alumina of the Bayer process has few uses except 
in the production of abrasives. Substantially pure fused 
alumina made in the electric furnace has extensive use as an 
abrasive and a more limited use in refractories made to withstand 
high temperatures. 

Aluminum trihydrate is employed in relatively small quantities 
in the production of pure aluminum sulphate, sodium aluminate, 
hydrated aluminum chloride, and other pure salts of aluminum. 
It is also employed to some extent in the production of special 
glasses. After calcination at low temperatures, 400 to 600 °C,, 
it makes an excellent absorbing medium for water vapor and acts 
as a catalyst for several important reactions. The a-mono- 
hydrate made by Tosterud’s^ process may be produced in the 
form of an extremely light and fluffy powder with very low 
thermal conductivity. Ordinary calcined alumina weighs about 
60 pounds per cubic foot, while the monohydrate can be made 
with a weight of only 20 to 30 pounds per cubic foot. As a 
loose powder and in various compounded forms, it makes an 
excellent thermal insulator capable of standing relatively high 
temperatures without substantial loss of insulating properties. 
The monohydrate in this form is very finely divided and has a 
soft, talc-like texture. 

^ hoc. cii 
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ACID PROCESSES FOR THE EXTRACTION OF ALUMINA 

By 

Francis C. Frary and Ralph B. Mason 

As incUcatod in Chap. V, all of the commercially successful 
chemical processes for extracting alumina from its on's hav(' 
so far been of the alkaline type. Many invemtors hav(‘ lahon'd 
and much money has been spent on acid extraction proct^ssc's, 
but to date no such process has gone into comm(n*cial pi'oduci-ion, 
although several have been carricnl to the scmii-commercial 
stage of development. Their failure is generally diu^ i-o th(‘ir 
complicated nature, which makers it impossible for tlumi to 
compete with the simple and cheap Bayer process. 

Of their inherent difficulties, we have already meidJoiKHl, 
in Chap. V, the separation of iron from aluminum. The (^xt,(mt 
to which this separation would have to be carried is in(licat-(Ml 
by the fact that in order to g{d'. alumina (uiual to th('. comnuu-cial 
Bayer process grade (not over 0.05 per c(mt Fe-iOid by calcination 
of aluminum sulfate crystals, making no allowaiuu' for coni-amina- 
tion during calcination, the original salt must (iont-ain l(‘ss than 
0.01 per cent f(‘rric oxide, ddu' difficidt.y of (‘(‘.ononiically 
recovering substantially all of th(‘ acid n^agemt, t-o Ik' us(hI again 
in the process, is almost insurmountable, and s('ri()us l()ss(‘s not- 
only raise costs rapidly, but also usually mak(' trouble with 
th(‘ iR'ighbors. 

Whereas alkaline liquors can b(' handhal and alkaliiu' pro(U'ss('s 
carried out in tanks, pumps, pip('s, (d-c., of iron or st-(‘(d, a,(ad 
solutions r(Hiuiro sp('cial, more' (‘xp(msiv(', and gcuH'rally mon' 
fragile containers. St-oiu'wan^ v(^ss(ds, acid-[)r()()f bih^k tanks, 
lead-liiual or rubber-liiK'd (Hiui])m(mt,, sp('(hil high-silic-on ^hicid- 
I)rooC’ iron alloys, quartz tube's and dislu's, and similar sjx'chil 
(‘(piipiiHuit ar(^ ('asily handled in the' laboratory but- be'c.ome' ve'ry 
('xpe'iisive' in a commercial plant, whe're' large' ve)luines e)f elilut-(' 
solutions must be carrieel thre)ugh a ce)mplica,t-('el ]n’oc('-ss to 
produce' a relatively cheap but ve'ry pure substance. 

170 








ACID PROCESSES FOR EXTRACTION OF ALUMINA 171 


Nevertheless, their ability to attack clay and other silicates 
has made the acid processes attractive to many inventors, and 
there yet may be found a combination of economic circumstances 
under which some such process may have a limited commercial 
use. 

The search for a commercial process of extracting alumina 
from clay is frequently inspired by the thought that clay can be 
found anywhere and obtained at almost no cost. This, however, 
is an overly optimistic view of the situation. Clay contains, at 
best, but 30 to 40 per cent of alumina, and usually less, as 
compared with a 60 per cent alumina content for bauxite. 
Furthermore, the efficiency of alumina extraction is usually 
greater for bauxite than for clay. 

Another reason for the interest in the utilization of clay 
for the production of alumina is that some countries which do 
not have adequate supplies of bauxite within their borders do 
have abundant clay deposits. In order to foster an aluminum 
industry, depcaident for its raw supplies on domestic products, 
hundreds of possil)le processes for utilizing clay and ores other 
than bauxite have beem investigated. 

Because none of the so-called ‘‘acid processes” for the pro¬ 
duction of alumina have achiewed any large commercial success, 
there is no singh' pi'ocess which can be d(\scri})ed as being typical 
in tlie way that th(' Bay('r process is typical of the alkali digestion 
pr()C(‘ss(\s. In gxMU'ral, how{W('r, the acid processes involve the 
(Conversion of 1 lu' aluminum compounds in the ore into aluminum 
salts, siKch a,s aluminum sulphatx‘, chloride, or nitrate', and th(^ 
purifi(3aiion of siuch salt.. Wlnm th(' aluminum salt has bc'en 
pr('par('(l in suitably j)ur(‘ form, tlu' lU'xt probk'in is to coiiv(‘rt. 
it into aluminum oxide' and r('(C()V('r tlu' acid radical of th(' 
aluminum compound, eitlu'i* for use in the process or in sonuc 
salabk^ form. 

A typical s('ri('s of ope'rations which might be iistul in the 
{)r()du(ction of alumina from clay are as follows: Tlu' clay, 
which may or may not. hav(' undergone a roasting ope'rat ion to 
make tlu^ alumina more' readily soliibk', is dig('st(‘d in an acid 
solution. Tho us(' of sulphuric acid for this opi'ration has many 
advantage's, in that sulphuric acid is cheaper than hydrochloriec 
or nitric acid, and he'iice unavoidable losses do not place' such 
a hecavy charge' on thee process. The apparatus recpiired for 
handling sulphuric acid is simpler and in general less expensive' 
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than that required for handling nitric and hydrochloric acids. 
A solution containing about 00 per cent sulphuric acid seems 



Fid. 'lU. Oudiuc of iinif upertitioiis in acid iinxx'HscH for prodin'inii; nluiiiinii. 


to be satisfactory for this purpose. Tlu* (iru'Iy ^-rouiKl chiy 
and acid solution are heated to^xd-ln'r with agitation iinlil tlu' 
inaxiinuni amount of alumina has ])(‘dii ('x(.i‘a(‘t(*d. Lh^pemdinj;' 
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upon the clay used and other conditions, varying amounts of 
iron, silica, and titanium will have boon extracted with the 
alumina, and the solution of aluminum sulphate will probably 
require further purification before a sufficiently pure aluminum 
sulphate can be prepared from it. A variety of procedures 
have been proposed for this purpose but none have been entirely 
satisfactory, partly because the iron in the product must be 
reduced to a very low figure. Alumina for the electrolytic 
reduction process should not contain more than about 0.05 per 
cent ferric oxide. 

After purification, the solution is then concentrated by 
evaporation and the aluminum sulphate recovered in solid form. 
The next step might involve the drying of the aluminum sulphate 
preparatory to its calcination. The calcination process has 
for its object the decomposition of the aluminum sulphate into 
pure alumina and gaseous oxides of sulphur. The gaseous 
oxides of sulphur are then recovered in the form of sulphuric 
acid for use in the next cycle of the process. This is much 
easier said than done: the temperature required for complete 
decomposition of the sulphate is about 1000°C., and it is there¬ 
fore difficult and expensive to calcine in any way except by 
direct heating, as in a rotary kiln. Such heating, however, 
involves mixing so much air and products of combustion with 
the sulfur dioxide, that the chamber or contact space required 
for the formation and condensation of the sulfuric acid becomes 
excessively large and expensive. 

PRELIMINARY TREATMENT OF ORES 


Roasting. 

A surv(\y of patent and tc^chnical literature shows that much 
work lias be(‘n done on methods for increasing, by iiKains of a 
suitable^ ])r('liminary roast, the proportion of the alumina in 
aluminous ores ((‘specially clays) extractable by acids. Ih'ating 
may also (l(‘cr(‘as(‘ tlu^ solubility of the impuriti(‘s, but the optimum 
teniperatun‘ as ivgards the solubility of the alumina does not 
necessarily coincide with the optimum tcmiperature for rendering 
the impuriti(^s insoluble. Also the conditions of roasting which 
produce satisfactory r(‘sults with one ore an^ not nec("ssarily 
the best conditions for another. It is usually necessary to 
'Jet(‘rmine the best treatment for every ore, and it is likely that 
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.‘loino of the apparent diserepaiicieH in the pa.tent literaXnre 
refer to diff(n’ent inat(n-ials and conditions. 

Mellor and Scott^ found that when kaolinite is heated; (hdiydra- 
tion does not take place at a fixed temperature; but is c()inpl(d;(Hl 
above 500°G. At this temperature, it decomposers into free 
silica, alumina, and water; about 900°G. a further changer exicurs 
in the form of the alumina which renders it hrss soluble, ne)ulels- 
worth and Cobb,^ as well as Tammann anel .Pai)er,'‘ haver alse) 
made valuable observations along this liner. Versterrbe'rg, ‘ 
Gerber,® and Sokolov'’ have inverstigated the increaser in se)lubility 
of clay heated in the termperature range e)f al)e)ut 400 te) 9()()°(\ 

As examples of proposed prerliminary treatmernts, ther re)lle)wing 
may be cited: An English patent states that leuciter or similar 
aluminous ores should be heated firsts te) llOO'^C^. berfore the\y 
are run into water or acid. The alkali anel alumina remain 
soluble but the silica is insolubler. Lave)yer-‘ preferrs te) calciner 
clay at bOO^C., while Richter and Richter'' spercify calcinal4e)n 
in the absence of air. In e)relor te) obtain a me)re pe)re)us ])re)du(d. 
to react with acid, Spence and Llewellyn"’ pre)pe)s(r l-e) molel clay 
into balls and calcine at a dull red heat. YngstreHn, Lindblael, 
and Bergschbld^ fuse a natural alkali-aluminum silieuite' in the' 
electric furnace, even reducing a part of the silica, as a [)re'liminary 
step before treating it with an acid. I)e)rexnus'“ fine Is lliat a, 
preliminary roasting of the ore at 54(P(^ ma,ke‘s if- e'a-sie‘r l-o 
dissolve the alumina in hydrofluoric acid, wliile^ Gliaf)pe‘ll ’' 


1 Mkllok, J, W.j and A. Scott, 7Vrm.s'. Uv.raui, Ear, (I']iiji;la-nd) 23, 322 
(1924). 

MIouldswoutii, II. S., and J. W. (>ohh, Tran,^. ('cram. Hoc. (I'ai^lnnd) 
23, 279 (1924). 

‘^Tammann, (t, and W. Papw, Z. anonj. alUjcni. Uhvni., 127, -13 (ii)23) 

‘‘ Vksterbioio, K. a., Arkiv. Kcinl. Minvral. UvoL, 9, No. 11 (I92r)). 

CJkubku, V., Z. Elcktrochcfn., 26, 193 (1919), 

•^Sokolov, A. M., Tonind.-ZUj.^ 36, 1107 (1912). 

MtUHNANIA VintlOlN CJllEMISCHKH PAHJilKHN A.-(5., aild 11. HkmNKFv, lU’. 
218,99S, Aug. 20, 1925. 

^^Lavoyr, M., Lr. Pat. 007,537, July 3, 1920. 

^ Richter and Richter, (1(u’. Pat. 244,538, Mar. 11, 1912. 

Spence, H. and W. B. Llewellyn, Br. Pal. 247,078, lAL. 8, 1020. 
n Yngstrom, L., a. R. Linublad, ami S. A. J. Ber(}S(’ii()IJ), Sw(‘d. Itals 
40,757, June 7, 1910; 41,110, Aug. 9, 19 LO. 

Doremus, C. A., U. S. Pat. 1,391,172, Sept. 20, 1921; Pr. l>at. 500,392, 
Aug. 20, 1920. 

Chappell, H. F., U. S. Pats. 1,079,899 and 1,079,900, Nov. 25, 1013. 
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states that alumina is rendered insoluble in hydrofluoric acid 
by heating to 1000 to 1500°C., while the silica remains soluble. 

A recent publication of the U. S. Bureau of Mines by Tilley, 
Millar, and Ralston ‘ gives a summary of the literature dealing 
with the roasting of clays and other aluminous ores. After 
considering the results of previous workers and their own tests 
on the extraction of alumina and the various impurities in several 
typical oi'cs which had been roasted at different temperatures, 
tire authors conclude that the rate of extraction of alumina 
from clay is increased by calcination at temperatures of 500 to 
900°C., and that roasting is desirable, in general. 

Heating with Alkali or Alkaline Earth Compounds. 

The literature contains many references to the use of a preliminary 
heating with alkali or alkaline earth coinpounds in order to facilitate 
the extraction of the alumina. In a number of these processes, the 
object is to convert part of the silica into a water-soluble alkali silicate 
which can be leached out, leaving the alumina in a form readily extractetl 
by acids. With this idea in mind, Frazer, Holland, and Miller- propose 
to heat pulverized feldspar with caustic alkali for 2 hours at 185 to 
350°C., and then leach out one-third of the silica as alkali silicate. The 
residue, which is similar to leucite in composition, is then decomposed 
with acid to recover potash and alumina. The original alkali may be 
oi)tained from the silicate solution with lime. 

Muth'* heats aluminum silicate or china clay to the l)oiling point 
with solutions of alkalies or alkaline earths and, after adding more 
alkali, heats under pressure to al)oiit 1 K)°C. The soluble alkali siluiate 
is kaiclusl out, l(‘a.ving ahimiiia to 1)0 re(a)vered by some unnamed 
method. Wihlman' sta,tes that clay is readily soluble in sulfurous a(hd 
if it is first boiknl with alkali solution. 

Morse*' n;mov('S oiie-third of ih(^ sili(‘a by fiiriiacing clay with ca,ustic. 
alkali at 3()()°(h a,nd then extracdiiig with water. Ikicdim'’ suggests 
mixing the (ha,y with alkali solution in the form of a ])ast(‘ and tlum, 
l)y the passage of an electih*. cairrent, evaporating the water and fusing 

‘ dhimny, O. S., R. W. MmuAEt, O. C. Ralstox, Bull 267, 12, 1 1 (H)2(;). 

MhtAznu, ,1. 0. W., W. W. Holland, K. Mmnmt, \\ S. Rat. l,l‘U),73b 
Aug. 2t), IbU); sc(^ also ./. DuL Eng. Chan.^ 9, 1)35 (L1)17j. 

Mutii, (h, II. S. Pat. 1,527,903, Feb. 24, 1925; Rr. Pal.. 220,011, July 
2<S, 1924. 

WiLDMAN, 11. (h, H. S. Pal. 1,32(),3K4, I)(>c. 30, 1919; Rr. Pat. 1(U,310, 
Apr. M, 1921; Kr. Pal. 509,112, Nov. 2, 1920. 

•' Mousn, H. N., U. S. Pal. 1,2S(),71S, l)(v. 3, 191S. 

RomiM, W., Fr. Pat. 5()2,9-l(), Nov. 22, 1923; (ka*. Pat. 309,S2(>, Jan. 
10, 1924. 
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the mass, which is then poured into water to dissolve the alkali silicate. 
Stover’ heats 1 part of orthoclase with 1)4 parts of alkali metal carbon¬ 
ate, hydrate, or oxide to a red heat; carbon may be added to assist in the 
fusion. When the fused mass is run into water, the potassium com- 
j)ound dissolves, leaving sus])ended potassium-aluminum sili(‘.at (5 
which can be decomposed with acid. Ravner- us(!s nuiterial e.ontaining 
])otash to decompose such substances as fehlspar or leiic.ite. The 
mixture is heated at 800 to 1000°C. and then leacOicd with water to 
obtain the solul)le pobissium compounds. The alumina is dissolved 
in dilute acid. Scholes'’’ furnaces ocpial })arts of feldspai* and sodium 
carbonate and then runs the fused mass into water. Afkir pulverizing 
the material, it is digested with water for 2 hours under pressure a,t 
1()0°C. The alkali silicate goes into solution, leaving insoluble alumina, 
etc., in the colloidal condition. A double sili(^ate of aluminum ami 
potassium which is acid soluble is prepared acscording to Hwenartoir’ 
by heating ])otasli feldspar with ])otassium carbonate at 800 to 1200°(1. 
for ^ to hours, i^y digesting with hot water and actively boiling, 
the potash dissolves, leaving the (louble silicate as a residue. 

Another group of processes heats the aluminous mineral whJi alkali 
or alkaline earth compounds for the purpose of rendering tlie aJumina 
more readily dissolved without reference to the silicon, A(u-,onling to 
Le Verrier and Minet,*‘ bauxite is made more soluble in /tcid by a pre¬ 
liminary heating with a small amount of sodium (N’lrbonate. Meycu’*’ 
asserts that by heating clay to a red heat with alkali or alkalim^ eariJi 
chlorides, and especially aluminum chloride, the resulting mass is madci 
more reactive towards acids. Penhikoff^ furnac-es (;hiy whh sodium 
sulfate and chloride and preferably with some sodium sulfidci In 
presence ol dry air, alumina, sodium silic^ate, and chlorine a,r(‘ fornual. 
The claim is made that the sodium sulfate a,ct,s as a, CM,in.lysl,. 

Lederer and Stanezak^ heat clay in a, digester with sodium (;a,rb()mit(‘ 
solution under ])ressure and allow the mass to cool in an atnio.splKue 
of carbon dioxide. This treatment is sui)p()sed to 1 (\m,v(‘ t,h(‘ alurniim 
in an acid-soluble condition while tlie silica remains insoluble. 

’STovmt, J. IL, i:. S. Pal. l,2S8,0rd, Nov. T), 1918. 

“Havnior, 0., Hr. Pa.L 102,493, Nov. 8, 1917; Norw. Pal. 27 030 Jiino 
20, 1910. 

-bScuoims, 8. R., U. S. Pal. 1,312,053, Aug. 5, 1919. 

^Swn^vARTO^r, W. II., U. S. Pal. 1,277,773, Scpl. 3, 191S. 

VKuumuand Minut, Pr. Pat. 244,582, tan. 24, 1S95. 

« Mkyuu, E., Hr. Pal. 13,395 (1891) tmH‘ IS, 1S92. 

MTiniakokk, It. A., Er. Pal. 241,,370. 
bioDURKit, 0., and W. Stanc.'ZAK, JR-. Pa(. 240,512, Od, 14, 1920; Er. 
Pal. 007,340, turn* 30, 1920; Swiss Pal. 122,5S(), Od. I, 1927; (Vaa-h. Val. 
18,04S, May 25, 1920. S(M‘ aJ.so Ka.sslkr, I!., ('hnn. ZUj., 60, 917 (1920). 
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A Norwegian patent‘ states that an aluiiHiious ore can be calcined 
,t a low temperature with sodium sulfate and cari)()n witliout forming 
,n aluminate and that the alumina in the ore so treated is then solul3le 
a sulfurous acid. Hart^ fuses feldspar with carbon and a sulfate of 
potassium, sodium, or barium, and then decomposes the resulting mass 
nth sulfuric acid. Coolbaugh and Quinney^ heat crushed kaolin with 
;ypsum or limestone. The mass is quickly cooled, crushed, and 
sached with sulfuric acid. 

Lindblad'^ fuses a mineral, such as nepheline syenite or leucite, with 
[me in a closed electric furnace before the material is extracted with 
.cid. 

McKee'"’ furnaces a potash mica with limestone and salt with or 
without the addition of carbon and obtains the alumina from the 
^ater-insoluble residue by means of sulfuric acid. Eberhardt'’ calcines 
)otash mica with fluorspar and gypsum before treating with sulfuricj 
.cid. Hepke’’ furnaces clay with magnesium sulfate and common salt 
.t a temperature of 400 to 600‘^C. in the presence of air or steam, 
riie products of the reaction are magnesium silicate, sodium sulfate 
diimina, and chlorine or hydrogen chloride. Foreign ])atents state^ that 
L substance, siudi as feldsj^ar, can be decomposed by heating Avith calcium 
lyanamide and carbon at a temi)erature of about I-IOO^C. Upon 
reating the product with water vapor, ammonia is given off and the 
)otassiuni and aluminum compounds (^an be extracted from the residue 
)y means of water or acid, resjiectively. 

i'urnacing with Sulfur, Carbon, Steam, Etc. 

A number of miscellaneous preliminary furnace treatments have 
)eeu recomineiided. RaynaiKk-* claims that funiacing the ore with a 
imall (luantity of sulfurous materials makes the ahiniina more solubhi 

^ CoMCAGNiio OuNfni.ALJO l’Alumine SooiiiiTE Anonvme, Norw. Pa,t. 7,552, 
k^pt. 4, 1899; Dan. Fat. 2,340, July 3, 1899. 

2 Mart, E., U. 8. Fats. 997,071, July 11, 1911; 1,()()2,278, May 20, 1913; 
Noc. Eighth Intern, (U)ngr, AppL Chem.., 2, 117. 

HlooLBAiniii, M. F., and E. II. Quinnky, Lb S. Fats. 1,170,418, Feb. I, 
.910; 1,178,384, Apr. 4, 1910; 1,125,007, Jan. 12, 1915; 1,105,154, Dee. 21, 
915. 

^ Lindrlad, a. R., Swed. Fat. 41,783, Jan. 3, 1917. 

^MoIvee, R. IL, U. 8. Fat. 1,222,900, Apr. 17, 1917. 

«Eberhaiu)T, L. a., U. 8. Fat. 1,310,413, July 22, 1919. 

' IIepke, K., (ler. Fat. 427,800, Apr. 19, 1920. 

^ II.'VLVousEN, B. F., Norw. Fat. 27,453, Nov. 27, 1910. Norsk Hvdro- 
5lektrisk Kvael, Fr. Pat. 500,825, Mar. 25, 1920. 

» Raynaud, E., U. 8. Pat. 650,763, May 29, 1900; (Jer. Fat. 107,502, 
SFov. 14, 1899; 8we(L Fat. 10,268, Oct. 14, 1899; Br. Pat. 22,205 (1898) 
Joe. 3, 1898. 
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in sLiirurous acid. Ricli' doscribcs huruing a,n aliiniinou.s Mcliint or 
shale, containing carbon aiui sulfur, before treaiiiig with water. In 
another English patent^ carbon is added to the aiuniinoiis material 
to aid in the calcination. A Norwegian i)a(yent’‘ recomnionds that 
carbonaceous aluuiinous shales be heated in a gas ])rodu(*xu* to ])urn 
out the carbon before leaching with acids. Mey(U’‘* (daiins tluit super¬ 
heated steam decomposes aluminum sili<witc or chiy and forms alumina 
S()lui)le in acid. A small amount of hydrochloric acid is said to spcuul 
up the reaction. 

An iron ore, such as Euban iron ore, (lan ])e subjecbal to a sulfating 
roast, wliereby a large portion of the met,sis pn'scmt oilier lha.n iron 
are rendered soluble.''* The soluble sulfates nre decomposed by heating 
or converted to the,oxides by precipitation methods and the alumina 
recovered by the hayer process. 

Extraction and Flotation of Impurities. 

A number of inventors luive worked on the problem of improving 
the quality of aluminous ores by mechanical separa,tion processes. 
Langford'' gives clay or bauxite a jireliniinary wash with dilute sulfurous 
or sulfuric acid. Redwood jiulp is adde<l either a,t this or a later stage 
of the process to remove certain other impurities. Schwcnhi^ separal.es 
the clay from sand, iron pyrites, and other imjiurities by adding an 
agent such a,s ammonia or sodium silicate which will siisjieiid the (Liy 
in water, but not the impurities. C'Crtain substances may be a.<ld(al 
to an impure suspension of (La,y which will neutralize (he {‘lectrical 
charges iqion the impurities and cause them to precipi(,a(.(‘. It, is jilso 
stated that fractional sedimentation will improve (he (pialil.y of (.li(‘ 
clay. Ivery'' susi)ends (Liy in water Iiy mea.ns of oil, soap, grease, (‘(,c., 
and fiojits it away from the grit and foreign malder. According (,o 

' Rich, 8 . W., Br. Pat. 547 (1S72), Aug. 1S72. 

MjLnWKLLYM, I. P. a,11(1 Pktuu Spmnom a,ii(l Sons, ih*. Pa(. I*J,5()S (1012), 
May 2(), 1913. 

•'Norsk Hvdro-Eluktrisk Kvael., Norw. Pat. •10,355, Nov. 21, 102-1. 

''Meyer, E., Br. Pat. 14,084 (1800) S(‘pt. 5, 1801, Sen also De S'r. 
Laurent, 10. K. and It. D. Mackintosh, Br. Pal.. 11,820 (1015) Mai-. S, 
1917. 

MIaywahi), C. R., E. O. Stillman, II. M. Siiheek’iier, U. S. I’nis. 
1,341,901, June 1, 1920; 1,370,(tlO, Mar. 8, 1921; Hr. ltd.. 155,2-l(), Mar. 30, 
1922. Hayward, C. It., OVaaa. Mel. Etuj. 26, 201 2(>() (1022). 

"Lanufoud, F., IJ. S. Pats. 1,2-10,125, Dim*. 1, 1017; 1,308,120, July 1, 
1019. 

7 Schwerin, ()., U, S. Pa,t.s. 993,888, May 30, 1911; 1,233,713, July 17, 
1917; Ihdssue 14,583, Jan. 7, 1910; Hr. Pal. 2,370 (lOll), Jan. 11, 1012, 
S(^e also Piraud, V. M., Fr. Fat, 033,715, F(‘b. 2, 1028. 

« I very, .1. II. S. Pat. 007,222, F(‘h. 5, 1001. 
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i}]verhart,^ it is possible to separate bauxite and clay by means of a 
lilute solution (0,2 per cent) of caustic alkali. The bauxite is ground 
•,o grains of a size which quickly settle in the solution. The clay is 
)eptized by the alkali and remains in suspension, and can be washed 
iway from the bauxite. Lecesne^ roasts bauxite and then subjects 
t to a pulverizing action produced by shock. The alumina is not as 
3 asily pulverized as tlie impurities and can l)e separated by screening, 
lir eliitriation, or levigation. It is said that a crushing operation does 
lot produce satisfactory results. 

PRELIMINARY TREATMENT OF ORE TO REMOVE IRON 

In the a(dd pro(;esses for the production of alumina, the presence 
)f iron becomes as mu(;h of a problem as the presence of silica was in the 
Ukali aluminate [)ro(U}ss. Many patents have been issued on processes 
for tlie removal of iron and other impurities before dissolving the 
[dumina. How successful these processes would be is a matter of 
:5onje(tture; certainly many of them are of little or no value. 

V'olatilizing Iron as Ferric Chloride or Fluoride. 

I.e Chatelier’* removes the ganguo from the ore either by a iireliminary 
treatment with hydrochloric a(nd or by a calcination at a red heat and 
subseciuent treatment with water. The iron is then rediuied ))y heating 
with (airbon, after whicT it is converted into the volatile chloride by 
lieating in a c.urrent of hydrochloric acid gas. It is also claimed^ that 
iron may be removed from an ahuninous compound by heating it b* 
700°(^ in a. strea,m of (chlorine gas. The anhydrous ferric^ (‘hloride is 
volatile and tlu; ahimina, whi(T remains behind is practicadly iron frecv 
If the iron is j)r<^sent in large a.inounts, it is best to reduce the oxi(l(‘ with 
liydrogen a,t hOO to ()()()"(h before ti’c^ating with the chlorine. hTikawa," 
n tn^ating ,Iapa.n(iS(^ ^‘Iny, recomuKuids tlie addition of (Tarcoal t.o Any 
Lo iiKU'oasc^ tlu^ a.inount of iron volatilized with the chlorine. 

Schwahn,'’’ .aftm* cakaning and grinding the clay, treats it with a 
inixtun^ of sodium chloride, soiliuni intrate, and sulfuric acid. Heating 
is said to expel Hk^ lerrii^ chloride along with tlu^ nitric and hydrochloik* 
icids. In a later padont7 he allows tlu^ clay to stand in contact with 
iy(lro(‘hloric a,cid at SO'H 1. for some time and then luaits the mixture' at 

' HviouiiAiiT, H., IT. Pat. Nov. 15, lt)2I. 

M.m'KSNK, N., IT. Pat. 12^511, IMay 15, Ihll. 

''hn Ckn\TKLiMH, Hr. Pat. l,t)<SS (1S5S), filed Mar. 1, lS5t). 

KoNKJsnmumu Zma.sToi'’K-l''AHiUKKN und ChiMMiscui-; Werke Konoi-v'r 
A..-(l., Swiss Patu IH),4()7, Mar. U), H)27. 

•‘Ichikawa, ,/. Chan. Ind (Japan) 26, 1310 (1020). 

SScnWAiiN-, H. V. I)., V. S. Pat. 514,039, Feh. 0, 1S04. 

HSchwaiin, II. F. D., U. S. Pat. 752,027, Peh. 23, 1004. 
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120 to 150°C. to volatilize the ferric chloride, Simon^ adds hydrofluoric 
acid to bauxite and then heats at 1200 to 1400°C. to drive out the 
volatile iron and silicon fluorides. As an alternative method, he states 
that the bauxite may be treated with aqueous hydrochloric acid, dried 
and mixed with 10 to 20 per cent sodium chloride and heated to tlrive 
out volatile iron chloride. Simon and Pernot'-^ heat bauxite at a tem- 
]3erature of 400*^0. in an atmosphere of hydrogen chloride and a hydro¬ 
carbon. The iron and silicon chlorides formed by this treatment are 
volatile and are easily removed from the alumina. 

MacDowell and Hershman^ make the im])robable claim that by 
heating aluminous material, such as alunite, containing silic-a and 
iron as impurities, in the presence of carbon and an inert gas to a 
temperature above IGbO^G., all the silica is volatilized as silicon. The 
addition of a ciiloride and sulphuric acid insures the elimination of the 
iron as volatile chloride. 

Rinmair' heats clay or otlier aluminous material with hydrogen 
chloride and a reducing gas to a red heat in order to eliminate iron 
as the volatile chloride. According to Saunders and Petrikin,^’ the 
impurities in bauxite or clay, such as iron, siliiuin, and titanium, can 
be removed as the volatile chlorides b^^ heating the material in a (uirrent 
of gaseous aluminum chloride at a temperature of S()()°(k or less. 

Some of these patentees seem to have overh)oked the fac.t tliat only 
anhydrous ferric chloride can be volatilized, the hydrated salt being 
decomposed by hydrolysis. 

Extraction of Iron with Acid Solutions. 

A number of inventors have worked on the idea of extracting iron 
and other impurities from bauxite, (day, etc., by leacdiing with acJd 
reagents under conditions which would not dissolve much of the alumina. 
For treating the crude pulverized bauxite, hydrochloric a(nd of l.l 
specific gravity,*’ as well as various other (ioncentrations,^ and hot water 
containing less than I per cent of sulfuric acid,” Inive been rccajinmendcd. 

1 Simon, A., Fr. Pat. 3<)4,805, Feb. 3, 1000. 

^ Simon, A. and L. Phunot, Fr. Pat. 4()(),r)00, Fch. 2, 1010; 1st. A(l<L 11,423, 
F(d). 11, 1010. 

^ MvVcDowkll, C). II. and P. R. IlnitsiiMAN, IJ. S. Pat. 1,201,070, .)an. 

21 , 1010 . 

“^Rinman, F. L., Swed. Pat. 20,()00, Oct. 20, 1010. 

Saundkus, L. F. and J. 0. Putkikin, U. S. Pat. 364,011, Oct. 27, lOOS. 

'’PUDUMONTU, A., V. S. Pat. 1,400,021, A])r. S, 1024; Fr. Pat. 547,862, 
Dec. 27, 1022; Swiss Pat. 101,612, Oct. 1, 1023. 

^Tahdiku, A., Hr. Pat. 2,370 (1868), Jan. 20, I860. 

FuLumi, R., Ital. Pat. 140,547, Mar. 20, 1014 ((\ d. 9, 2804 (1015). 

“Lanufoud, F., U. S. Pat. 1,251,058, ])(a\ 25, 1017. 
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A mixture of hydrochloric and hydrofluori(‘. acids' is said to 
emove the iron and silicon from bauxite, the iron and silicon com- 
)ouiids being either more soluble or volatile than the aluminum 
ioinpounds. 

Sulfurous acid and sulfites in the presence of mineral acids are 
Iso used to extract iron from kaolin.^ Hyposulfurous acid prepared 
)y the interaction of sulfurous acid and isinc^ or aluminum,'* or by 
ilectrolysis^ of sulfurous acid is supposed to be especially effective 
n dissolving iron, the reaction preferably taking place in an acid 
olution.® 

To increase the scdubility of the iron, it first may be converted to 
ulfide by treating with hydrogen sulfide or alkali or alkaline earth 
ulfides,^ after which dilute mineral acids, especially sulfun)us acid^ are 
e(X)mmended for dissolving the iron. It is stated** that the iron 
!ontent (calculated as ffeoO:}) of clay may be thus reduced from 5.14 to 
1.26 per cent. Instead of leaching it with dilute acid, the iron sulfide 
irst may be converted into sulfate by treatment with gaseous sulfur 
lioxide*® and then leached out with water. 

Instead of converting the iron oxide into sulfide, it may be made 
uagnetic by heating in a reducing atmosphere, and it is claimed that 
ifter such treatment the iron and titanium may ])e separated magneti- 
;ally.^*- Certainly this would not be true of most bauxites because the 
roll oxide and aluminum oxide are far too intimately associated. The 
educed iron may be extracted with hydrochloric or other suitable 

^ LAtrii, Fr. Pat. 220,790, Apr. 8, 1892 (also 1st and 2nd Add.). 

^Schulz, F. A.-(}. and 11. Gkubuk, Cor. Pat. 245,164, Mar. 26, 1912 
C. A. 6, 2,304); Br. Pat. 16,129 (1911), Jan. 11, 1912. 

** Gaudix, IL F. B. and Daktmoou (hiiNA Clay Co., Br. Pat. 218,747, 
uly 14, 1924. STunns, A. J., Br. Pat. 181,132, June 12, 1922. 

'* liunuFFAT, {)., Aid Primo (Umg. Naz. ChhiL, Piini eJ App. 282-283 
1923); C. A. 11, 391, (1917); Atti mcorragguuncnto Napoli 67, 293-294 
1915). 

WousLKY, Br. Pat. 218,317 July 3, 1924. 

Bar. Hull. 267, p. 17. 

‘ (k)Ni>Y, II. Ji. and G. Hoshnthal, Br. J^U. 4,618, June 6,1878; Fr. Pat. 
1,589, June 25, 1878. 

“Pkniakoff, D. a., U. 8. Pat. 695,7()2, Mar. 18, 1902. 

'‘Mb\RUNTANi, F., Br. Pal. 255,300, July 22, 1926. 

Fukisskuk, II., Gcr. Pat. 439,033, Jan. 3, 1927; Aiist. Pat. 102,553, Fi‘b. 
:5, 1926. 

**LncnsNn, N., Fr. Pat. 424,514, May l(), 1911. 

PIODUMONTU, A., Br. Pat. 195,295, Mai'. 29, 1923; Fr. Add. Pat. 26,3(>9, 
4ov. 13, 1923. 

PuNiAKoFF, D. A., Alls. Pat. 4,616, July 10, 1901. 

Platscii, M., Fr. Pat. 543,481, Hept. 4, 1922; (Un\ Pat. 381,348, S(‘pt. 
9, 1923. 
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Tn siK^h Ih'.mI would in;i,k(’ tlui nluinininn oxido 

quito insoliibhi. 

Scu'cnil foj’ci.ii;ii patents- (daini that by h{3atiii<»; bauxite in aii atinos- 
])here of carbon monoxide at a hij>’li temperature ami pressure, the iron 
impurities are eliminated as volatile iron carl)on 3 d. 

Extraction of Iron with Organic Compounds. 

Langford'* treats clay witli a solution of tannin to remove eommoji 
impurities, such as iron, which are soluble or can be separate<l by 
flotation. One of the oldest methods suggested for tbe removal of 
iron is that of Chadwick and Kynastoir^ in which liiioly ground bauxite 
or clay is mixed with oxalic and hydrochloric acids a,nd allowed to 
stand for a week. Water is then added and the iron washed out from 
the alumina; this treatment is said to remove about two-thirds of tbe 
iron. Aldehyde sulfoxylic and ketone sulfoxylic acids or derivative's 
of these acids in the presence of mineral acids are said to extract iron 
from kaolin, clay, etc.'' 

SULFURIC ACID PROCESSES 
General Details of Process. 

Sulfuric acid has boon given more extemsivo coiisidcu’ation 
than other acids for the extraction of alumina, b(‘caus(' of its 
lower cost and the greater ease with which it can be haiulh'd in 
commercial equipment. The first considerations in (-h(‘ (dH)ic(‘ of 
conditions for the extraction of the alumina luv th(‘ coiuuml.ration 
and temperatures of the acid to 1x3 employcxl. Th(3 us(' of 
sulfuric acid, from dilute solutions containing lb p(‘r c(ml. of a(3id 
up to concentrated sulfuric acid, has Ikkui tric^l and nxtoin- 
mended. The use of conc(mtral.(xl sulfuric jicid is disjulvanta- 
geous because of the formation of insolubh^ hydraitxl axml 
aluminum sulfate. This can 1x3 avoid(‘d by having sullieienf 
water present during the reaction. Tcmqxu'atiin's of dig(‘sli()n 

^Ln VKitUTioH and Miniot, Fr. Pat. 2‘ht,5S2, .Jn.n. 21, ISUf). 

AwTomn, 1., Fr. Pat. 240,29(), July 2/3, 1S91. 
lIuLTMAN, G. JL, Swnd. J^at. 41,834, .Jjin. 10, 1017. 

PnuKMoNTh', A., U. 8. Pat. 1,400,021, Apr. 8, 1024; Fr. Pat. blT.SlVi, 
Doc. 27, 1022; Add. Pat. 20,170, 8opt. 5, 102.3; Swiss l'a(. 101,012, Oot. 1, 
1023. 

- Badisciie Anilin and Soda FAiniiiv, Hr. PmI. 2r)(), 128, 12, 1020. 

I. G. FAUHiCNiNDUsTiiin A.-G., Swiss Pat. 120,87)4, Juiu' 1, 1027. 

G.an(;i.’()rd, F., U. S. Pat. I,2r)l,0.'37, l)(‘o. 25, 1017. 

■' Ghadwiok, W., J. ChiADWK^K, 4\ (hiADWioK, J. Kvnaston, lb S. Pat. 
228,807, Juno 15, 1880; (ior. Pat. 11,137, Nov. 27, 1880. 

•'Schulz, F., A.-G., II. (luimmt, Hr. Pat. 2,300 (1021), July 20, 1015. 
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.s hit'll as 450^^0. hav('. b(Kjn cniployod The particular acid 
loncentratiou to be used in any case must bo determined by 
nsts on the raw material available. 

The heat of reaction between sulfuric acid and alumina, and 
,he heat of dilution of concentrated sulfuric acid may be sufficient 
;0 heat the solution to the required digestion temperature 
vithout the external application of heat.^ 

Herbos,- for example, divides the bauxite into two portions, 
idding water to one and concentrated sulfuric acid to the other. 
The two parts are then mixed together in such a manner that the 
leat of reaction is sufficient to cause the solution of the bauxite 
without the addition of external heat. When bauxite is mixed 
with water and added to concentrated sulfuric acid,^ similar 
results are obtained. In recent foreign patents,^ the sulfuric 
acid is allowed to percolate through the raw material (clay or 
argillaceous materials) which is kept in a stationary state. The 
how is so adjusted that a temperature of at least 105°C. is 
maintained in the zone of maximum reaction. It is claimed 
that large batches of material may be handled by this method, 
and that a volatile acid, such as hydrochloric acid, may be used. 

Effect of Concentration of Acid. 

The following processes are cited to show the variety of 
concentrations of sulfuric acid which have been used under one 
condition or another. Carter, Shackelton, and Grafton" use 
30°B6. sulfuric acid to decompose halloysite. Lewis*’ grinds the 
aluminous material with 45 to 50'^Be. sulfuric acid and then 
heats the mixture at 180 to 260°F. for several days; the higher 
temperatures produce neutral or basic alum. Basset"^ treats 
calcined clay with 50 to 52° Be. sulfuric acid nt 100 to 15()°(L, 

^ Croll, a. a., U. S. Pai, 221,787, Nov. 18, 1879. 

I'lASTWKJK, ,1. il., U. S. Pat.. 230,089, Mar. 22, 1881. 

Pkmbkhton, il, it. vS. Pat. 78,005, May 10, 1808; 82,747, Oct. 0, 1808. 
Ubrhos, J. (5., Pr. Pat. 038,760, June 2, 1028. 

=^Thawinski, F., Fr. Pat. t)33,100, Jan. 23, 1928. 

1. 0. Farbenindusthik, A.-G., Br. Pat. 278,370, Jan. 12, 1028; Fv. Pat. 
041,023, Aug. 7, 1028. Au.st. Pat. 110,880, 0(8. 10, 1028. 

Carter, P. II., II. 11. Shackelton, T. K. Guaeton, V. S. Pat. 1,037,501, 
Sept. 3, 1012. 

Lewis, G. T., U. S. Pat. 200,488, Get. 29, 1878. 

7 Basset, A. M., Fr. Pat. 230,321, May 25, 1893; Add. Pal. Jiirn' 3 1 
1894. 
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and after leaching adds polassimn sulfa4(^ solution and r(H^ov(U‘s 
crystallino alum. Haslup aii<l Pea(^()ck‘ digest a mixt-un^ of 
greensand, or similar material and bauxite with 50 to 55°Be. 
acid in heat-insulated receptacles. It is said that no external 
heat is required. Muth^ treats kaolin or bauxite with 62 to 
63°Be. sulfuric acid in the form of a spray and then heats t,o 
150 to 200^^0. to produce a crude aluminum sulfate. Funcko'^ 
treats clay which has been calcined and finely powdered with 
66 °B6. sulfuric acid. Moderate heat is applied by means 
of steam until the acid is neutralized by the alumina. Moxham * 
boils aluminous materials with sulfuric acid of 1.35 to 1.45 
specific gravity. Sulfuric acid of 1.4 specific gravity is specified 
by Pedemonte*^ for dissolving bauxite. Another French patent** 
states that iron-free aluminum sulfate can be made by digesting 
clay at 70 to 100*^C. with sulfuric acid of 1.5 specific gravity 
if enough saltpeter is added to oxidize the iron to the lerric state. 
The iron in solution is removed by lime and sodium maiiganate. 
Milbauer and SkutiF recommend the use of sulfuric acid of 
1.53 specific gravity. 

Addition of Fluorides and Chlorides. 

A patent to Gibbs^ states that hydrofluosilicic acid a' 3 i,s 
as a catalyst for the reaction between sulfuric acid and h'ldspar 
or other refractory silicates. For producing alumina compounds 
suitable for sizing paper,imcalcined clay is treated witli sulfuric- 
acid or bisulfates in the presence of small a-mount-s of hydro¬ 
fluoric acid or a fluoride. The Amber Siz(' and (4i(Mni(^al 
Company^" state that the reaction betwenm unburm'd clay and 
sulfuric acid goes on at the temperatures dewe'lope'd {130"(t or 

1 Hasluc, Fi. W., and B. A. Pioaoock, U. 8. PmI. 1,270, lOi), Sopl. 17, 10IS. 

2Muth, G., Gor. Pat. 312,900, June 10, 1010. 

**Funcke, M. J., IJ. 8. Pat. 1,046, .Ian. 23, IS41. 

Moxham, a. J., Fr. Pat. 65S,160, Au^r. 23, 1023. 

^ Pedemonte, a., U. 8. Pat. 1,490,021, Apr. S, H)24. 

*’8oc. Fahkyka Ciiemiczna Kudniki KijOhiikowwki i HEitMUOit, Fr 
Pat. 230,309. 

' Milhaueu, j., F. Skutil, (lieuh. Ztg., 42, 626 627 (lOlS). 

« (liBBK, W. T., U. 8. Pat. 772,012, Oct. IK, 1004. 

'• Aktiebolaget Guaen, 8wo( 1. Pat. 52,770, Sept.. 27, 1022. 

Muth, G. and L. Duvinage, Fr. Pat. 616,314, Mar. 31, 1021; Hr. Pm 4 . 
140,001, Oct. 12, 1921. 

Amber Size and Chemical Go., Ltd., Hr. Pet. 218,029, May 28, It)26. 
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more) pronded a small amount of fluoride is added. A later 
patent to Muth^ states that it is necessary to neutralize the 
product obtained by the reaction between uncalcined china 
clay and sulfuric acid in the presence of a fluoride when the 
reaction is carried out in open digesters. A neutral product is 
obtained by a pressure digest, however, and the process becomes 
more efficient. Bishop^ claims that white clay is more easily 
decomposed with sulfuric acid if fluorspar is added to furnish 
a small amount of hydrofluoric acid. Further corroboration 
of this statement is given in U. S. Bureau of Mines Bulletin 
267, page 28. Brown^ treats an aluminum silicate ore which 
has been heated in the dry state in a rotary kiln with a mixture 
of gaseous sulfur trioxide and hydrofluoric acid. The hydro¬ 
fluoric acid is supposed to act as a catalyst in the formation of 
the metallic sulfates. Dougherty^ adds 2 to 5 per cent hydro¬ 
chloric acid or an equivalent amount of sodium chloride to 
leucite before heating with sulfuric acid. 

Removal of Silica from Solution. 

It is stated’’ that the addition of organic substances such 
as sugar, molasses, etc., capable of being carbonized by sulfuric 
acid at 100*^C., facilitates the removal of silica when aluminous 
materials are dissolved in sulfuric acid. Although silica usually 
can be eliminated in the acid process, its separation often becomes 
very troublesome because of the colloidal jells which it forms. 
In the treatment of leucite, Blanc^’ does not grind tlie material 
very fine, removes all dust, and lets the acid circulate through 
the granular mass without agitating the particles. In this 
manner tJie film of silica on the particles is not broken up. Th(‘ 
alumina and ])otash diss()lv(‘, but the silica and part of the iron 
remain in th(‘ r(‘sidue. Using hydrochloric acid, this method of 
dissolving l(mcit(' has been successfully operated on a semi¬ 
commercial scale. 

' MuTii, (J., V. S. Pat. !,()()!,tUS, Mar. 0, 192S. 

2 Bishop, II. B., U. S. Pat. 1,4S(),<)2S, Jan. 15, 1924. 

Biiown, (\ M., V. S. Pat. 1,492,010, Apr. 29, 1924. 

UouoHKRTY, K. P., U. S. Pat. 1,148,156, July 27, 1915. 

’• lUiirN.rES, F., Uor. Pat. 87,908, July 7, 1896. 

'■'Blanc, G. A., U. S. Pal. 1,443,074, Jan, 30, 1923; Br. Pat. 181,077, 
Mar. 22, 1923; Fr. Pais. 552,053, May 4, 1923; 578,472, Snpt. 20, 1924; 
(uu’. Pat. .3,57,833, Aup;. 31, 1922; Norw. Pat. 38,0,50, 0(4. 1,5, 1923. 
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Use of Pressure. 

Pressure is sometimes used in the sulfuric acid digestion 
process. For example, in 1877 a patent was granted to Lennig' 
for treating clay or kaolin witli sulfuric acid uruk'r in-essure. 
Spence- digests aluminous material with hot sulfuric acid und(n‘ 
pressure to produce a basic aluminum sulfate solution. The 
basicity is further increased with calcium carbonate and liltcn’od 
before the basic sulfate is crystallized. Mciklejohiv^ producers 
a slightly basic aluminum sulfate by digesting aluminous mat.erial 
with sulfuric acid under pressure at a temperature above 160^(1. 
The preferred concentration of the sulfuric acid is expressed as 
an acid-to-water ratio which is greater than 1:1.8. Moldenke/^ 
heats a paste of bauxite and 60 to 66°]le. sulfuric acid in a 
closed vessel to 500 to 600°F. Tlie granular nuiterial ilius 
obtained is leached and the solution filt(‘r(id and crysl^allizcHl, 
Hayward and Schleicher'* treat the hot slate whicli lias Ixum 
calcined at 250°C'. with concentrated sulfuric acid under j)r{^ssur(\ 
After digesting for 3 hours at a temperature of 1()0°(1., tlu^ 
solution is filtered and the aluminum crystallized from solution 
as potash alum. Jacobsson'*’ states that the oxides of calcium, 
silicon, and titanium do not dissolve when calcimul clay or 
bauxite is digested with sulfuric acid under pressui*(\ J^atcu' 
patents to Jacobsson'^ describe a continuous j^rocc^ss foi- tlu^ 
solution of aluminous material in sulfuric acid und('r pn^ssun^ 
at 150 to I85%k 

According to Rankin,^ dillicullly soliibk^ subs(n,n(‘.es such as 
ignited alumina an^ mad(‘ solubh^ by moist(ming with sulfuriii 
acid and heating to a high {.(an{)(‘ratur(^ und(a‘ pressure. Sails 

’LuNNKi, (\, U. S. 191,[{)(), Mjiy 22, 1S77, 

“ScKNCi-:, Ik, U. 8. Pat. 754,S24, Miir. 15, 1901; Vv. Pa,t. 331,830, Oct. 
3, 1903; Put. 107,419, liui. 25, 1000. 

Mkikli':.j()iin, Ik M., Ouii. Pul. 203,590, Oct. 22, 1920. 

Moldmnevm, Ik, 11. S. Pul. l,38S,4:-}0, Aug. 23, 1921. 

•'i Haywaui), C. Ik, uiul 11. M. S{!iiLKi{;nMii, U. S. l*u,l. 1,415,340, Mu,v 9, 
1922. 

'Ma(’()1{ss()n, Ik, II. 8. Put. 1,570,353, ,Jun. 19, 1920; Hr. Pa,Is. 221,209, 
Aug. (), 1925; 243,1X3, Nov. 20, 1925; Kr. Pu,l. 5X4,901, K(4). IX, 1925; 
Swiss Pat. 117,772, Dee. I, 1920; Aust. Pul. 105,338, Jun. 25, 1927; Norw. 
P.'it. 4 1,025, May 25, 1927. 

7 jAcoJiSSON, P,., Pr. Put. 209,174, Sc'pt. I, 1927; Pr. Put. 032,205, Jun. 
5, 192X; Norw. Pul. 45,995, Juu. 21, 1929; Swiss Piil. 128,9X9, k 1928. 

« Rankin, 11. D., U. 8. Pats. 1,304,801, Jun. 4, 1921; 1,«^78,485, Mu,v 
17, 1921. 




ACID PROCESSES FOR EXTRACTION OF ALUMINA 187 


which decompose at a high temperature and prest^ure may be 
substituted for the sulfuric acid. 

Miscellaneous Methods of Treatment with Sulfuric Acid. 

The treatment of various substances, such as potash feldspars/ 
iron-free talc/ greensand/ mixtures of mica and potash salts/ 
or clay and alkali sulfate^ with sulfuric acid to produce aluminum 
sulfate or alum has been described by numerous inventors. 
Counter current systems of digestion^’ have been recommended, 
while a continuous process is described by Spicer'^ for making 
aluminum sulfate from bauxite and sulfuric acid by means of 
Dorr agitators and thickeners. The practical details of the 
equipment and the operation of such a process have been 
described by Walker.^ According to V/rigiey/*^ a shale or clay 
is crushed to pass a 6 to 8-mesh screen and boiled with dilute 
sulfuric acid in a vessel which has a false bottom, so that the 
coarser material is prevented from settling to the bottom of the 
pan. The insoluble fines are allowed to settle from the solution 
before crystallization is allowed to take place. 

Devaucelle^^ grinds the solid cake produced from the reaction 
between sulfuric acid and clay and then calcines at The 

resulting material is leached with water and filtered. 

Digestion with Sulfates or Acid Sulfates. 

Aluminum sulphate may be prepared from aluminous materials 
by heating or digesting with acid ammonium or alkali sulfatc^s. 

‘ Ravnkh, ()., Pat. 45,3SX, May 14, lOlt); Norw. I^ai. 20,351), 

Jaa. ‘20, 11)11). 

‘ Jooiss, M. P., Pr. Pal. 33S,3S7, May 17, 11)04. 

■‘WintTZ, J. II., P. S. Pat. 7,337, Ori. 22, 1S50. 

Arsandaux, H. M,, Pr. Pat. -12H,2‘27, Aag. 25, 11)11. 

lIoiHLiNO, J., Fr. Pat. 50S,023, S(‘pt. 21), 11)20. 

Nihklius, a. W., U. S. Pat,. 544,311), Aup;. 13, 1S1)5. 

•’ Si’KNCM, IP, W. IP Llowiollyn, IP S. Pat, 1,070,300, Aug. 12, 11)13; 
Hr. Pal. 112,SSI, Pin. 31, IDIS; 110,1)24, Oat. 24, lOlS; Huadnku, D.IP, 
P. S. Pat. 1,003,435, Mar. ‘20, il)‘28; Hr. Pats. 3,SOS (1012), Pal). 13, 10)3; 
22,500 (1012), Oat. 0, 1013. 

^ Spk’kr, K. N., IP S. Pat. 1,004,427, Oat. 2t), 1020; (lar. Pal. 407,4s 1, 
Dae. 23, 1924; Pr. Pat. 023,774, June 30, 1027; Hr. Pat. 257,043, Aug. 30, 
1020. 

Walkkh, G. E., Chem. Met. Eng., 31, 770-S() (1024 i. 

■'WPmiLRY, PL, Br. lAit. 230,010, Mar. lO, 1025. 

Dkvauci-:1jL.k, L. P., Pr. Pat. 587,631, Apr. 21, 1025. 
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Hultman^ starts with clay and acid potassium or aiiimoniuni 
sulfate solution and obtains a crystalline alum. The process 
becomes cyclic, since the product is dissolved in water and heated 
under pressure to form insoluble basic aluminum sulfate and a 
solution of acid sulfate which can be used upon raw material. 
White^ neutralizes a 35°B4. solution of niter cake with clay, 
bauxite, or alunite. Tanaka*^ heats a 30°Be. solution of sodium 
acid sulfate with aluminum or alumina to neutralize the acid and, 
after filtering and cooling, obtains about two-thirds of the sodium 
sulfate as crystals. The aluminum salt crystallizes as potassium 
alum after adding the required amount of potassium chloride. 
Several foreign patents'^ state that aluminum sulfate can b(^ made 
by treating aluminum compounds with an acid sulfate eitlier by 
the wet or dry process, Everhart^* treats a hot niter calvC solution 
with bauxite and after dilution neutralizes any free acid with 
lime. Glauber’s salt is removed by crystallization, llipp'* 
has a patent covering the purification of the niter-cake solution 
by means of alkali sulfide before it is used for the digestion of 
aluminous material. Bergman^ electrolyzes a sodium sulfal-(^ 
solution in a diaphragm cell and uses the acid licpiid which 
collects at the anode to dissolve aluminous compounds. Th(^ 
alkaline cathode liquid is used to prccipitai(‘. the alumina from 
the acid solution. 

An interesting process, which employs ammonium l)iHulfat(^ 
in the extraction of clay, is ttiat of Buchiun'; it. is (l(‘sc,ril>(ui in 
some detail in the next section. 

“Aloton^’ Process of Buchner. 

As has been previously stated, the two imi)ortant. j)racti(tai 
difficulties in connection with sulfuric acid proc(\sses for vxi ra.(h ing 
alumina from clay or similar materials are (1) tlu' a(l(M}uat(‘ and 

1 Hultman, G. II., 8w(.hI. Pat. 54,114, Ma.r. 2S, 10*28. 

•'White, J. F., U. S. Fat. 714,840, Deo. 2, 1002. Soo also Poonm, W., 
J. H. ItrcHAKDSON, Br. Pat. 25,228 (1907), appli(Ml for Nov. 11, 1007. 

Tanaka, G., Jap. Pat. 37,834, Jan. 14, 1021. 

De ToiiubNTEGUi K Ibarra, L. J., B. llMLcniERA Ortiz, M. M. 
Mantilla, Br. Pat. 102,944 (Void); Fr. Pat. 488,081, July 20, 1017; Swiss 
I^at. 77,000, May 1, 1918. 

KvERiiART, F., U, S. Pat. 690,257, Dec. 81, 1901. 

« IIipp, G. E., V. H. Pat. 781,341, Jan. 31, 1905. 

7 Bergman, W. D., Norw. Pat. 30,840, June 28, 1920; Sw(ul. Pats. 44,183, 
June 20, 1918; 44,788, Dec. 11, 1918. 
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cheap purification of the aluminum sulfate solution from iron, 
and (2) the complete and cheap recovery of the sulfuric acid 
employed so that it may be used cyclically. One of the neatest 
solutions of these two problems is presented in the Aloton 
process of M. Buchner,^ which has been developed in Germany 
on a semi-commercial scale. This process rests upon three 
fundamental ideas, two of which are quite novel. The acid 
is circulated in the form of ammonium sulfate. 

The first operation consists in heating the solid ammonium 
sulfate in a suitable vessel (made of aluminum, magnesium, 
or high silicon iron) so that ammonia is driven off and most 
of the sulfate converted to bisulfate. The ammonia is, of course, 
recovered and used elsewhere in the process. Clay is treated 
with this fused bisulfate and a little water in a digester at tem¬ 
peratures around 200°C., and the resulting slurry of ammonium 
aluminum sulfate, ammonium iron sulfates, and insoluble 
material is added to an excess of a hot saturated solution of 
ammonium sulfate, and filtered. On cooling, presumably 
with stirring, the ammonium alum precipitates out in a state 
of very high purity, while the iron salts remain in solution in 
the excess of ammonium sulfate. The ammonia alum may be 
recrystallized from ammonium sulfate solution if desired, and 
is then decomposed by treating the small crystals with two or 
three times the theoretical quantity of ammonia in the form 
of a concentrated solution. The aluminum hydrate is thus 
precipitated in a granular form which can be easily filtered 
and washed clean of ammonium sulfate. The ammonia and 
ammonium sulfate are used cyclically. When too much iron 
accumulates in any lot of ammonium sulfate solution it is 
concentrated as far as possible for the recovery of a moderat-cdy 
pure ammonium sulfate which goes back into the process, and 
then the iron and alumina remaining in solution are precipitated 
with ammonia. It is claimed that these precipitated hydroxides 
are also easily washed. The purified ammonium sulfate solution 
thus obtained goes back into the process. Further details 
regarding the precipitation of the aluminum hydrate are given 
on page 212. 

' Huc'uneh, M., U. S. Put. 1,403,320, May 6, 1024; Br. Pat. 195,008, 
Apr. 12, 1023; Pr. Pat. 542,170, Aufi;. 7, 1022; (Pm*. Put. 425,222, Feb. 13, 
1020; Sw(‘(l. Pal. 53,045, May 0, 1023; Norw. Pat. 40,118, Nov. 3, 1024; 
Aost. Put. 100,002, June 25, 1027. Hee also Wasilewski, L., Przt^nujsl 
Cham. 12, 40-48 (1028). 
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1 I. DijiKi'ani of Hu(!hn(‘r “ Aloton” |)r(>(‘(‘.s.s lor prodiiciti/j; 
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The principal drawbacks of t-hc process lie iu the number of 
operations required and the unavoidable losses of ammonia. 
While it is theoretically possible to recover all of the ammonia 
and ammonium sulfate in such a process, in practice there is 
always some unavoidable loss of ammonia gas; and in washing 
precipitates the point is soon reached where the cost of evapo¬ 
rating the wash water and recovering the sulfate becomes 
greater than the value of the salt recovered. The relatively 
large amount of fuel required for the various heating and evapo¬ 
rating processes is also a serious matter. 

Treatment with Sulfur Dioxide and Sulfurous Acid. 

Sulfur dioxide and sulfurous acid have been utilized for the 
production of aluminum sulfite and sulfate. The conversion 
of sulfurous acid to sulfuric acid appears to be catalyzed by clay. 

Wing^ passes dilute sulfurous gases through a hot copper 
sulfate solution and forms sulfuric acid, which is neutralized 
with bauxite or aluminum hydrate. After removing the copper, 
the aluminum sulfate solution is concentrated and the salt 
crystallized. Keogh^ treats aluminous materials with sulfur 
gases and obtains aluminum sulfate. According to Beringer,^ 
an aluminum sulfite solution is changed into the sulfate by the 
action of air at 130°C. and a pressure of 5 atmospheres. He 
describes a continuous process for the production of aluminum 
sulfate from clay, sulfur dioxide, and air. MoreT states that 
soluble aluminum sulfate is formed by heating bauxite in the 
presence of sulfur dioxide, air, and steam. Browiv'* treats 
feldspar with sulfur dioxide and oxygen at a temperature of 
l()()0°h. to form potassium and aluminum sulfat(‘s. According 
to Neil,‘^ soluble sulfates are obtained by fusing h'ldspar or 
leucite with alkali sulfate or bisulfat(' and tluui tn^ating tlie 
fus(‘(l mass with sulfur dioxide and oxygen or sulfur trioxidc'. 

' WiN(i, H. II., U. 8. Put. 712,22(), Oct. 2S, 1902. 

■’ Kkcxui, L. U., U. S. Put. 794,4i;-5, July U, 1905. 

See also Fkniakoff, 1)., Hr. Pat. 21,476 (1912), Mur. 13, 1913. 

•'HsinNCiKU, ('. A., (l(‘r. Puts. 269,794, Jan. 30, 1914; 2S6,366, Aug. 4, 
1915. 

MoHKh, J., Hr. I'at. 149,769, Aug. 17, 1920; Pr. Pat. 493,616, All^ 2 :. 14, 
1919. 

HiiowN, ('. M., U. S. Pat. 1,402,831, Jan. 10, 1922. 

Nfil, J. M., U. S. Pat. 1,034,281, July 30, 1912; Hr. Pat. 22,657 (1912) 
Mav 22, 1913. 
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S(‘.v('.nil pn-lontn' HiKUiify ilu^ use of sulfurous acid for doconi- 
poHing aluminous materials. The ore is usually given a pr(^- 
liminary treatment to increase the solubility of the alumina. 
Boron trioxide is used as a flux by Levitt.^ The resulting 
mass obtained from an orthoclase feldspar fusion is ground and 
suspended in water and sulfur dioxide passed through it, until 
the borates are decomposed. It is stated that ferrous iron 
remains in solution when the alumina is precipitatcul from th(^ 
sulfite solution by heat. A Swedish patent** states that ])ressur(^ 
may be advantageously used with the sulfurous acid. Langford’* 
treats purified clay with sulfurous acid under pressures while 
air circulates through the solution. Eustis** treats Cuban oiv. 
with sulfur dioxide at 460°C. and claims that little iron is dis¬ 
solved in the leaching process. Frost** treats drovss sci’oemings 
with water and sulfur dioxide. The copper will nunain as 
metal in the residue provided a suflicient quantity of imd.allic 
aluminum is present. After filtering, the sulfit(^ solution is 
heated, whereupon alumina precipitates, leaving iron and zinc in 
solution. The residue insoluble in the sulfurous jicid is diss()lv(Hl 
in sulfuric acid and the copper recovered by ek^ctrolysis. 

After removing one-third of the silica from feldspa,r (s(U^ ]). 
175), Morse’' treats the potassium aluminum silicates wilJi sulfur 

ICOMPAGNIE GlONffillALE LAluminium Sooifrno Anonymk, Norw. Vtvl. 
7,662, 8opt. 4, 1899; JUiin. Pat. 2,340, July 3, 1S99. 

Ramsay, J. R., F. R, Lowe, Br. Pat. 9,705 (1915), Aug. 3, I91li. 

Raynaud, E., U. S. Pat. (>50,703, Mn,v 29, 1900; (W'r. Pat. 107,502, 
Nov. 14, 1899; Swnl. Pat. 10,2()<S, 0(4,. 14, 1899. 

WiLDMAN, il. 0., U. S. Pat. 1,320,384, \)vv. 30, 1919; Br. P;i,l. I()1,3I0 
Apr. 14, 1921; Fr. Pat. 509,142, Nov. 2, 1920. 

Ynosthom, L., a. R. Lindulad, S. A. J. BKiuisciuu.i), SwcmI. Pal. 40,757, 
JuiH^ 7, 1910. 

Kalmus, M. T., W. L. Ravell, II. R. Pat. 1,090,479, Mar. 17, 1914; 
Kaumus, Jl. T., W. L. Ravkll, K. B. Blake, U. S. Pat. 1,148,092 July 27 
1915. 

Tanaka, 11,, Jap. J'at. 40,177, Out. 3, 1921. 

STiiiuis, A. J., Br. Pat. 181,132, Junc^ 12, 1922. 

■•‘Levitt, E., U. S. Pats. 1,399,210; 1,399,217, Diau 0, 1921; Br. Pat 
177,730, Apr. 0, 1922. 

•' YngstuOm, L., a. R. Lindulad, R. A. J. BEuus(ni(’)Li), RwumI Pat 
40,757, Jun(‘ 7, 1016. 

■M.anufohd, F., U. R. Pat. 1,308,429, July 1, 1919. 

Eustis, F. a., U. R. Pat. 1,230,143, Jun(‘ 19, 1917. 

•’ Fhost, j. G. G., U. R. Pats. 1,648,202, 1,648,263, Nov. 8, 1927. 

^ Mouse, 14. N., U. 8. Pat. 1,286,718, Doo. 3, 1918. 
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dioxide at 250°C. After dissolving the potassium salt, the 
remaining aluminum silicate is suspended in water and decom¬ 
posed with sulfur dioxide. The aluminum sulfite dissolves, 
while the silica remains as an insoluble residue. Ramsay and 
Lowe^ claim that carbonic acid will decompose the sodium 
aluminum silicate in red mud (the residue from the digestion 
of bauxite by the Bayer process) and give soluble sodium car¬ 
bonate and alumina, which is soluble in sulfurous acid. Tests 
show, however, that the reactions are incomplete. 

Water-soluble Compounds Formed by Furnacing with Sulfates. 

Various processes have been suggested which employ sulfates 
or bisulfates for decomposing aluminous compounds at a high 
temperature. EmanueP fuses clay or bauxite with 6 mols of 
sodium bisulfate for each mol of alumina. The silica becomes 
insoluble but the ferric alum and a double sulfate of aluminum 
and sodium (Al 2 (S 04 ) 3 . 3 Na 2 S 04 ) are soluble. According to 
Linkmeyer,*' soda alum is made by fusing clay with hydrated 
sodium bisulfate, water being added to maintain 1 molecule of 
water for each molecule of bisulfate. According to the German 
patent to Papierfabrik Kdslin A.-G.,'^ iron-free aluminum sulfate 
is made by heating a mixture of equivalent amounts of clay and 
bisulfate with an oxidizing agent such as barium peroxide. The 
mixture is made into a plastic mass with water and heated 
gradually to 300 to 400°C., whereupon the iron compounds are 
'oxidized and become insoluble in the extracting licpiid. Hess*' 
extracts a fusion of aluminum silicate and alkali sulfate or 
bisulfate, using 10 per cent ammonium sulfate solution in order to 
stop ( he format ion of basic sulfates which would rc^niain with the 
silica. Jacksoid’ fuses uncalciiK'd clay wit h nitm* eak(' and, aft,(‘r 
leaching, crystallizes tlie salt with or without the' addition of 
pot,assium or ammonium suifat(‘. Whittington^ lu'ats bauxit{‘ or 
clay with ammonium sulfat-(^ at ,525 to 5(i()°C-. until ammonia 

^ Ramsay, ,J. li., F. R. Lows, Br. Pal. 9,705 (1915), Aug. 3, lOlO. 

“ i^]MANunL, P. A., U. S. Pat. 957,S4S, May 10, 1910; Hr. Pat. li0,04S, 
1910 (Void); Lagk, II., Fr. Pat. 419,109, Dae. 2S, 1910. 

MaNKMEYKU, R., Gw. Pa,ts. 301,041, Sapt. 10, 1919; 303, 981, Ot. ‘25, 
1919. 

•' Papierfabrik Koslin A.-G., Ger. Pat. 301,014, Sajit . 30, 1919. 

Hess, L., Gar. Pat. 370,717, Juiip 5, 1923. 

Mackson, L. L., U. S. Pat. 1,254,229, Jan. 22, 1918. 

'Whittington, .1. A., U. S, Pat. 1,549,398, Aug. 11, 1925. 
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c( 3 ases to be given off. The aluminum sulfate is soluble in water, 
while the iron sulfate has been converted into insoluble oxich's. 
According to Rinrnan^ kaolin, feldspar, or bauxite is lu^atcul witii 
an ammonium salt, preferably the sulfai-e, at 250 to 40()‘^(j. and 
the ammonia gas recovered. Th('. silica is insoluble in wai.(n’, 
while the ammonium alum is soluble and may b(^ crystallized from 
solution. The alum may be crystallized without fillKuing, siiun^ 
the crystals do not occlude suspended matter. If junmonium 
chloride is used in place of the sulfate, the d(H‘,()mj)osition is 
carried out under pressure until the evolution of ammonia (u^asc^s, 
and then pressure is released so that the aluminum chlorides may 
distill. In a German patent to Rieckd- i(. is stat(‘d that/ a, 
temperature of 350 to 40()°Ck should not be (‘xccMahnl wlum a,n 
aluminous compound is heat(Ml with ammonium sulfa,t(' or 
potassium ammonium sulfate. By ke(^ping Ixdow (Jus (,('mp('ra,~ 
lure, the decomposition and loss of ammonia is avoidcal. A 
temperature of 280 t ;0 37Q°C. is satisfacf.ory for tlu^ d(u;oinposi(Jon 
of an aluminum silicate. According l-o Ih^ss,’' the yiedd is 
increased by using 5 to 7 mols of ammonium sulfal,(^ i.o (‘ach mol of 
alumina in the clay instead of the 4 mols reciuinul by tla'ory. By 
allowing the clay to stand in contact wildi tlu^ ammonium sulfa(,(‘ 
(wet or dry) for a long tini(‘ befon'. iieating, H(^ss' claims Unit iJi<‘ 
yield is increased. Othei* for(Ugn i)a(*ents^’ d(^scrib(3 a, ])r()C(\ss 
for the economical recov(U‘y of anunonia as (Ju^ sulfal,(\ Alu¬ 
minum hydrate is heated with ammonium sulfalx^ (o a,bout 
350°C. and the evolved ammonia dissolvcxl in wat,(n' and (Con¬ 
verted int.o the (carboiude by nu'ans of (carbon dioxidcc. (iypsum 
is used to convert the ammonium (carl)onate in(,o ammonium 
sulfate and insoluble calcium carbonate. 

Alkali sulfat/C may b(i us(xl in addition (,o (Jkc a,mmonium 
sulfate. Heibling^’ substituUcs pol,assium siilfale for a j)a,ii- of ( 1 h‘ 

' Rinman, R. L, U. R. Pat. 91-1,KS7, Mar. 2, 1909; (An. Pal. 107,’JlU, 
Sopt . 3, 1907; Pr. Pat. 367,750, Nov. 9, 1900; (i(‘r. Pat. 19S,707, .Iuih* '2. 
190S; S\v(‘(L Pats. 27, IS5, July 17, 1909; 29,.W, Nov. 20, 1910; 30,200, 

25, 1914; Norw. Pat. 10,1(R), Mar. IS, 1907; Hr. Pa,t. 15,590 (1900), July ■!. 
1907. Stai a,Iso Bjoukstcdt, W. (}., U. S. Pal,. 1,081,921, Aitjj;. 28, 1928. 

M. I). Risdcl, A.-G., G('r. Pats. 380,()b'l, Boa. 13, 1923; 121,701, ,laii. 
29, 1920. 

« IlKss, L., (Un\ Pat. 388,990, Jan. 23, 1924. 

^ Hess, L., (}(a-. Pat. 300,201, Rapt. 30, 1922. 

•* VinneiNKiTK Alumininum Wshkk A.-G. a-nd W. Fulda, G(>i\ Pals. 
354,328, Juno 7, 1922; 307,134, Jan. 17, 1923. 

« IIkiblin(J, J., V. R. Pat. 521,712, Jun(‘ 19, 189-1; Fr. I»a,l. 227,*125, Jan. 
25, 1893; Add. Pat. July 12, 1894; Gor. Pal. 70,5-19, July 20, 1893. 
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ammonium sulfate ordinarily used. For each mol of alumina, 
3 mols of ammonium sulfate and 1 mol of potassium sulfate 
are mixed with the clay and then heated at 275 to 300^C. The 
ammonia is recovered and the alum removed by crystallization. 

A cyclic process is described by Brown^ in which alunite 
is heated to drive off sulfur trioxide and the residue heated 
with ammonium sulfate to form ammonium alum. • The alumina 
is obtained by treating the alum solution with the evolved 
ammonia gas and the ammonium sulfate is recovered to treat 
further quantities of the calcined alunite. 

According to Hauber,“ potash alum can be formed by heating 
glauconite or greensand with ferrous sulfate to around 450°C. 
Fleissner^ prepares aluminum sulfate by heating aluminum 
silicate with gypsum to a dull red heat. In a patent to Blumen- 
berg,"^ soluble potash alum is obtained by heating feldspar, 
calcium carbonate, and acid sludge at 700 to 800°C. 

Miscellaneous Methods for the Production of Aluminum Sulfate. 

A French patent^ states that very pure aluminum sulfate 
may be produced by the action of sulfuric acid on purified 
aluminum chloride solution. The liberated hydrochloric acid 
is used to form more aluminum chloride. According to 
Moxham/ anhydrous aluminum sulfate can be made from 
potash alum by dehydrating and extracting potassium sulfate 
with hot concentrated sulfuric acid. Fulda and Ginsberg^ 
treat ammonium alum with 50 to 60 per cent sulfuric acid 
and obtain aluminum sulfate as an insoluble product as th(^ 
solution cools. The ammonium sulfate is soluble in sulfuric 
acid of the above concentration at a temperature of 15 to 20°(\, 
while th(^ aluminum sulfate is only slightly soluble. It is also 
stated that potash alum can be tn^ated in a similar mannei'. 
According to a French patent,*^ basic aluminum .sulfate, useful 
in absorbing aniline dyes, is formed by partially mnitralizing 
aluminum sulfate with soda ash. 

> lUiowN, 0. M., It 3. Pat. 1,075,157, Juno 20, 1028. 

“IlAUBint, M., It S. Pat. 1,328,704, Dcr. 2, 1910. 

Plkissnch, II., Ct‘r. Pat.. 322,844, .Inly 9, 1929. 

' HLUMKNiiMiK}, II., It S. Pat. 1,280,513, 1)<‘(‘. 3, 191(8. 

f'SooisTA Itali.ana Potassa, Fr. Pal. 559,703, Sept. 20, 1923. 

Moxiiam, a. J., it. S. Pat. 1,538,837, May 19, 1925. 

’ Fulda and (Iinsblrg (V(‘reinigt,e Aluminium Worke, A.-G.), Ger. Pat. 
442,590, Apr. 4, 1927. 

^ Hulton, Ficiiot and Co., Fr. Pat . 599,80<S, Jan. 22, 1920. 
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Moldenke and Schumacher^ treat aluminous material with 
sulfuric acid vapors at a temperature of 400 to SOO'^C/. Air is 
added to keep the iron from forming a soluble compound. 
Under these conditions, aluminum sulfate is said to form rapidly, 
while very little iron sulfate is produced. 

SULFURIC ACID PROCESS DETAILS 
Removal of Iron. 

One of the chief difficulties encountered in i.he sulfuric acid 
processes for the production of alumina is tlu^ elimination of 
iron, since, as a general rule, the properties of iron and aluininum 
compounds are very similar. Although many of the processi^s 
suggested for the elimination of iron have becm sliown t,o 
worthless, especially for a commercial process, n(W(u*tli(4(‘ss, 
a large number of the suggestions will be outlined in onhu* to 
give the reader a general idea of the work that has aln^ady 
been done. 

Removal of Iron by Precipitation. 

Chadwick and Kynastoit-^ precipitate the iron as Prussian 
blue from an aluminum sulfate solution by means of ealcium 
ferrocyanide. The precipitate is allowed to settles for 2 days 
and then hydrogen sulfide is passed in, to pn^eipitai-(^ ars(mi(! 
sulfide, which carries down the iron ])r(^cif)itat(‘. If ihviv, is no 
arsenic present, a small amount of c()pi)er or zinc sulfa!(‘ may 1)(‘ 
added to coagulate the pr('cipit,at(\ A (<anadia-n pat<m(,-‘ 
mentions the use of copixu* sulfaU^ or otlu'r soluble', im^l.allie! 
sulfates for coagulating the Prussian l)lu(^ pi'(a*tpita,l.(^ t'islu'r' 
removes the last traces of Prussian bhu^ from tlu^ solution by 
adding metallic zinc, zinc oxide, carbonate, silicates, or sulfide'. 
A porous alum is proeluced l)y aeleling varie)us suhstaneu's, sueih 
as sodium bicarbonate, to the hot oonceiitratcel se)liitie)n just 
before it solidifies. 

Many of the patents state that iron may be^ pre'ehpitate'el as 
Prussian blue, but in me)sf. cases ne) practical me^ans have' be'e'ii 

' Moldknki':, R. n.n(l Wm. SenniMArnKit, (T. ,S. Pai. 1 ,r)()7,{)lO’, Dea*. 2<), 
1925; Se’iiuM-vejiiKu, W., (U'w Pat. 5SR,455, Oct. 15, 1925. S(M‘ also NCnt- 
ANJON, W. .1., lIiHBKUT, Hi’. Pat. 1()5,54,S, Ma,v 29, 1921. 

“ ('hadwick, ,1. T. and W., ,J. W. Kvnaston, U. S. Pat. 257,819, F(‘l). 15, 
1881; Oc'r. Pat. 14,185, Juno 9, 1881; Can. Pat. 10,888, Jan. 28, 1880. 

■' IIaruisom, J., (}. L., and T. S., Can. Pal. 15,189, July 28, 1881. 

Fisnnii, R.. A., U. 8. Pat. 521,094, June'. 30, 1885. 
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suggested for the removal of the colloidal precipitate. To 
precipitate the iron as Prussian blue, it is first necessary to 
oxidize all ferrous iron to the ferric state. If the excess of the 
oxidizing agent is not removed, some of the ferrocyanide will be 
oxidized to ferricyanide, which will remain in the solution. 
^Some prefer to add ferrocyanide to the solution of ferrous iron 
and, by oxidizing the solution, obtain the insoluble Prussian 
blue. Others prefer to add ferricyanide to ferrous iron and 
obtain the corresponding blue precipitate. 

Under most conditions, Prussian blue comes down as a col¬ 
loidal precipitate which is very difficult to remove by filtration. 
Salts, such as copper and zinc sulfates, aid in the flocculation of 
the colloidal Prussian blue. Milbauer and SkutiP add copper 
sulfate or infusorial earth to coagulate the colloidal precipitate 
and obtain a material which is much easier to filter, and at the 
same time obtain a higher percentage removal of iron. 

According to U. S. Bureau of Mines Bulletin 267, the concen¬ 
tration and acidity of the solution play an important role in the 
precipitation of the iron. The authors find that filterable 
precipitates of Prussian blue can be obtained if the pH range is 
from 3.2 to 3.8. At a pH of 2.0, the precipitate requires several 
weeks to partially settle and then is not clear, even after filtering. 
With solutions of a specific gravity greater than 20° Be. aluminum 
is precipitated along with the Prussian blue. The fact that 
aluminum sulfate hydrolyzes in the presence of water and forms 
colloidal alumina also adds to the difficulty of the precipitation. 
The quantitative precipitation of iron as Prussian blue in a com¬ 
mercial process can only be successful (if at all) under a close 
technical coni.rol, wh(a-(^ th(i principles of colloid chemistry are 
applied in a practical manner. 

Semper and Fahlbc'rg- treat a concentrated and nearly neutral 
solution of aluminum sulfate containing ferric iron with lead 
dioxide. The insoluble iron plumbate is removed by filtering 
and the lead dioxide recovered by means of alkali nitrate. 
Semper'^ prepares a basic aluminum sulfate solution by dissolving 
alumina in sulfuric acid and then precipitat(‘s the iron by means 
of plumbic oxide, manganese dioxid(^ or sesquioxide, manga- 

1 Milhaukh juul Skutil, ( livm , Zlg ., 42, 5125 -27, (191S). 

(t, C . Fahlhkikj, U. S. PjU. 257,5()7, May 9, 1S.S2; i \ vv . Pal. 
19,21S, Aum;. 12, 1SS2. 

•‘SioMPF.H, (t, U. S. Pat. 345,504, July 13, 1380. 
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nates, permanganates, or stannic acid. It is preferable to 
oxidize the ferrous iron to the ferric state by means of a cheaper 
reagent before adding the more expensive reagents mentioned 
above. If sodium bicarbonate is added to the aluminum sulfal.c' 
solution before it solidifies, a porous product is obtaiiu^d. In 
another patent to Semper,^ a manganous salt is added to tl)(' 
aluminum sulfate solution containing ferric iron in onhn' tlmt th(' 
iron and manganese both may be precipitated as an insohibk' 
compound by permanganate. hJmanuel^ recomnumds use of 
either lead dioxide or manganese dioxide for removing iron from 
aluminum sulfate solutions. Patrouilk^au'^ suggc^sts tlu^ uh(^ of 
oxidizing agcmts, such as lead dioxide, manga.nes(^ dioxid(^, or 
hydrogen peroxide. To facilitate the fiocculai-ion, a (;arboiuit(^, 
such as that of lead, or even carbonic acid gas may Ixi us(ul. 
According to Glaser,*^ ferric iron is precipitated by tin, or a,ntimony 
oxides. The antimony or tin oxides may be recov(U'ed by trcaiting 
the precipitate with dilute sulfuric acid. Hood and Sahunoid’ us(^ 
tin oxide or sodium tungstate to preci])itat(^ hu-ric iron. Accjord- 
ing to a German patent,*' the ferric iron may b(^ r(unov(Mi from a, 
concentrated basic aluminum sulfate solution by lilt,(‘ring llirough 
layers of lead, tin, or manganese dioxide. Kynastoid us(‘s 
manganese dioxide which has Imen wasluxl with dilul(‘ suifuri{‘, 
acid to precipitate the ferric iron out of a n(‘utral solution. In a 
process described in an early patent/ finely (livi(k‘(l l)auxit,(^ 
is mixed with 3 to 5 per cent arsenious acid and h(‘a(e(l with 
sulfuric acid of 1,45 to 1.5 speeitic gravity. After th(‘ rea,ei,i()n 
is over, enough hot wat(^r is ad(k‘d to nxliux^ (-b('< sp(‘(nli(^ gravity 
to 1.2 and chalk or linu'sst^oiu' is tlu'ji addcxl unt il no inoi'i' iron is 
precipitated.. The arsenic n'lnainiug is pr(‘ci])it{it('d by nu'jins of 
hydrogen sulfide. Laiir** pn^parc'.s a neutral solutton of a-lnminum 

^Semper, C., U. 8. Pats. 264,773, 2(M,774, Sc'pl. 19, 1S.S2. 

Emanuel, P. A., U. 8. Pal. T55, (Hi, July 7, 1S91. 

3 Patrouillioau, Ij. (t., Soo. an. Alumine cl Deuives, IP*. Pal . 577,-122, 
8opt. 5, 1924; Add. Pal. 2S,S21, Apr. S, 1925. 

-^Glaser, F. C., Gcr. Pa,l. 23,375, July 26, 1SS3. 

Hood, J. J. and A. Cl. Halamon, Hr. Pals. 1,.SS1 (iSSti), Jan, 11, ISS7; 
2,966 (1887), D(3C. 16, 18<S7. 

t IRMA VeREIN EUR CUEMISCMIE UNI) M ETAIU.UR{llS(a! E Ph,()I)U K'lMON, 

(l('r. PaJ. 432,558, Aii{i;. 6, 192(). 

' Kyn ASTON, J. W., (icr. Pal. 21,526, Apr. 28, 1883. 

M'uadwiuk, W. P,, !U1(1 j., J. W. K\naston, P. 8. Pal. 230,106, July 
20, 1880. 

bAUU, P,, (Icr. Pal. 7,858, Juiu' 1, 1878. 
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ulfate by digesting bauxite with 50°Be. sulfuric acid and then 
)recipitates the iron as metal by means of zinc. Instead of 
Lsing another metal, Pedemonte^ uses metallic aluminum itself 
o precipitate the iron and other metal impurities which are 
)elow aluminum in the electrochemical series. According to the 
ixperimental work of Milbauer and Skutil,^ the processes above 
)utlined either do not satisfactorily remove the iron, or are too 
expensive for commercial application. 

When the alkalinity of an impure aluminum sulfate solution 
s gradually increased, the titanium is the first to precipitate, 

,hen the ferric iron, and finally the aluminum comes down. In 
)ther words, it is easier to precipitate the ferric iron and titanium 
rom a slightly acid solution than it is to precipitate the alu- 
ninum, but it is doubtful whether the separation can be made 
complete in practice. 

After removing the iron from the bauxite by one of the methods 
previously described for the preliminary treatment of the ore, 
P^edeinonte'^ dissolves the bauxite in sulfuric acid of 1.4 specific 
>;ravity. The solution is diluted with water and boiled, where- 
ipon the silicic and titanic acids are said to precipitate, leaving 
i solution of pure aluminum sulfate. Orton and Robinson^ 
leat a mixture of finely divided slate and niter cake to a cherry 
■ed. After the mixture is treated with water, highly diluted 
ind boiled, a large amount of the iron precipitates. 

Schwahn'’ treats powdered kaolin or bauxite with a mixture 
)f sulfur dioxide and ozone in the presence of moisture. The mass 
s boiled with water and subjected to the action of ozonized air, 
.vhereupon the iron is supposed to precipitate and the aluminum 
udfate pass(‘s into solution. In the British patent to Case/’ crude 
iluminum sulfak^ solution is first oxidized to change the iron to 
h(' f(‘rric state. On Inaiting with fluorspar, a solution of alumi- 
lum fluosulfate is obtained from which the iron is precipitated 
vith alkali carbonate or hydrate. After filtering off the insoluble 
roll compound, more alkali is added until all the aluminum 
‘ompound is precipitated. 

1 Pkdemontk, a., Fr. Pat. 564,883, Jan. 14, 1924. 

■-* Milbauer and Skutil, ('hem., Ztg., 42, 525-527 (1918). 

Pedemonte, a., U. S. Pat. 1,490,021, Apr. 8, 1924. 

•‘Orton, K. (t P., (t W. Robinson, Hr. Pat. 139,005, F(d). 2t), 1920. 

•SoiiWAHN, 11. F. U., 11. S. Pat. 1,077,309, Nov. 4, 

«(‘ase, W. F., Hr. Pat. 17,111 (1883), Oct. 14, 
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According to a French patent,^ the iron in the crude aluminum 
sulfate is oxidized to the ferric state and a solution of potassium 
sulfate added, the excess acid neutralized, and the iron precipi¬ 
tated by milk of lime or freshly precipitated alumina. It is 
stated that, after several days of agitation, the solution is 
substantially iron free. The last traces of iron are removed with 
sodium or potassium manganate. 

According to Aug6,‘^ the crude aluminum sulfate solution is 
neutralized with alumina or bauxite after the iron has Ixurn 
oxidized to the ferric state. A solid potassium salt is added to 
make the iron precipitate settle. It is thought that the potas¬ 
sium salt reacts chemically to form an'artificial alunitc^ Only 
traces of iron remain in the solution after it is heated and allow(Ml 
to stand for 25 days. According to White,tlu^ iron may 
removed from a solution of soda alum by digesting witli an (‘X(K‘ss 
of alumina until 1 per cent of the total alumina is in tlu^ form 
of basic sulfate, and then adding enough potassium sulfates t.o 
precipitate the basic alum along with the iron. TIu' chair 
solution of soda alum which remains after filtering is fairly frixi 
of iron. 

In a series of patents, Spence and Llewcdlyn' dc'seribe^ th(‘ 
various conditions of acidity, specific gravity, and t('mp(‘rat,ur(' 
of aluminum sulfate solutions best suIUmI for th(‘ pr(uapi(,a(j‘on of 
ferric compounds by means of ammonium, potassium, a,nd 
sodium sulfates. 

Barnett and Rurgi^ss'* extract alunogfm or halotricdiitc' (a,lu- 
minum and iron sulfates) with wabn* and, afU'r oxidizing tin' 
iron with ozone, add powdered calcium carl)onai,(^ i.o pr(‘(‘-i[)itaf(' 
the major portion of the iron. After filt(n*ing, tlu^ n'lmiindc'i' 
of th(^ iron is precipitatxKl with caustic soda solution. A(ax)rding 

' tS(K\ Fahuyka Cukmkv.na Rudntki KiiORTTKOWSKi I H.hiciikr, Kr. PaJ.. 
23{),300. 

“ Au(jn, K., ("lar. Pat. 55,173, Jn,a. 24, 1H91. 

WuiTi-i, J. F., U. S. Pal. 7M,S4(), Dec. 2, 1902. 

^ Si'KNca:, II., W. B. Llswkllvn, and Pi-yn^ni SesNci-; and Sons, I/ru., 
Br. Pats. 9,148 (1914), June 11, 1915; 2,0-18 (1915), Feh. 3, 1910; 10,100 
(1915), July 13, 1910; Br. Pat. 101,000, Apr. 11, 1921. See also Si»hNa!K, 
II., U. S. Pat. 754,824, Mar. 15, 1904; Hr. Pats. 23,030 (1904), S(‘pt. 14, 
1905; 0,458 (1903), Feh. 18, 1904; Fr. Pat. 331,830, 0(4. 3, 1903; (O'r. Pat. 
107,419, .Ian. 25, 1900 

M^AitNSTT, M., L. B'lfiujcs.s, 11. S. Pat.s. 1,252,38-1 and 1,252,0-18, Jan. 
8, 1918. 
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3 De Souza/ the iron is precipitated from an acid solution of 
[ay by the addition of a limited amount of alkali carbonate. 
A British patent^ states that little iron remains in an aluminum 
ilfate solution after it is treated with alumina, calcined bauxite, 
V a soluble base and heated to 40°C. The iron should be in the 
irric state and what little is left in solution after the above 
^eatment can be precipitated with ferrocyanide. 

Mejdeir^ heats the nitrate or other acid solution of aluminum 
nd iron to 80°C. after it is nearly neutralized. The addition 
f a special iron oxide accelerates and otherwise aids in the 
recipitation of the iron. The iron oxide loses its catalytic 
roperties after it has been once used or has been heated to over 
[)0°C. If the iron oxide is placed in an acid solution, whose 
cidity is slightly greater than that of the solution in which it is 
sed, it regains its catalytic property.*^ The same thing may be 
ccomplished by adding the iron oxide to the acid solution and 
Rowing it to stand for a certain time before the partial neutrali- 
ation of the solution takes place. It is claimed that the iron 
recipitates obtained in this manner are easy to filter. Patrouil- 
‘air‘ digc^sts the bauxite with sulfuric acid (50 to 53°Be.) and 
issolves the iron and titanium oxides as well as the alumina. 
dd(‘r reducing tlu^ iron to the ferrous condition, the solution is 
eutralized and the iron oxidized, preferably by ozone. Tln^ 
olution is heated at 80 to 100°O. during the oxidation and the 
*on and titanium arc removed as basic salts. 

By a close control of the hydrogen ion concentration, Ralston 
nd Tilley*’ an^ able to pn^cipitate the titanium oxide in an 
luininum sulfate solution by l)oiling. The iron is them pre- 
ipitat(‘d by making tlie solution more basic. Friseher'^ first 
J l)s Souza, A. 10., Ur. Pat. 2,337 (1905) Doc. 14, 1005; Fr. Pa,t. 353,277, 
7, 1005; Norw. Pat. 15,()()(), Oct. 29, 1900. 

“ Dirr NoiisKO yVivTiusioLSKAH kor Ei.kktuoksmisk Industiu, Hr. Pat. 
23,720 (Void); a])|)li(‘(l for Nov. 20, 191S. 

:>Mk.) 1 )Kll, T., U. S. Pat. l,421,S04, July 4, 1922; Br. Pat. 139,470, 
da,r. 10, 1921; Fr. Pat. 510,420, Dec. 4, 1920; (J'r. Pat. 355,S50, July S, 
922; S\v(h1. l^at-. 51,459, Apr. 19, 1922; Norw. Pats. 31,797, F(4). 21, 1921; 
.2,491, June 20, 1921. 

'‘Mm.idull, T., U. S. Pat. 1,444,100, F(4). 0, 1923; Fr. Pat. 544,525, 
23, 1922; Clcr. 15it. 399,S04, July 30, 1924; Swis.s Pat,. 99,040, Ma\’ 1, 
923; Norw. Pat. 34,492, Mar. 27, 1922. 

Patrouilljoau, L. Cl, Fr. Pat. 577,422, Sept. 5, 1024; Add. Pat. 2S,<S21, 
Vpr. 8, 1925. 

•' Ralston, D. O., Cl. S. Tillly, U. S. Pat. 1,529,035, Mar. 10, 1925. 

' Fhisc'UKH, H., (ler. Pat. 317,033, Dec. 22, 1919. 
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reduces the iron in the aluminum sulfate solution with barium 
sulfide, metallic iron, or aluminum, and then uses barium di()xi(l(‘ 
or sodium peroxide to change the iron to an insoluble basic 
ferric compound. 

A German patent^ states that it is possible to inenrase tlu^ 
basicity of a basic aluminum salt solution without precipitating 
the alumina, provided a small amount of phosphoric acid is 
added. 

Muller and Schlecht^ claim that basic iron sulfaix^ is i)r(Hupi- 
tated from an aluminum sulfate solution after digesting for an 
hour at 180 to 200°C. This sc^paration is based upon tlu^ fact, 
that the ferric salt is hydrolyzed more rapidly and coiiipl(‘l.(‘ly 
than the aluminum sulfate. Vittorf’* describees a proce'ss in 
which hydrous aluminum sulfate is precii)itat(Ml by uH^jins of 
90 per cent alcohol from a mixture of aluminum and iron sulfates. 
After the third precipitation, little or no iron was found in t,h(^ 
precipitate. 

Clark‘S states that ferrous iron or arsenious acid in aluminum 
salt and other metallic salt solutions can b(^ oxidizcul by inj('cting 
a mixture of nitric oxide and oxygen through a porous tulx' int,o 
the solution. The oxygen of the air is activahxl by tlu' nit,ri(^ 
oxide. 

Precipitation of Alumina Leaving Iron and Other Impurities 
in Solution. 

In the processes just described, th(‘ iron has Ikmui in th(‘ f(‘rri(^ 
state. If the iron is in the ferrous stat(^, th(^ onhu* of pnx^ipitnl ion 
is reversed and the alumina can be p]vci[)il,al,(‘d willioul- pr<‘- 
cipitating the iron by making the solution slighlly ]).*isi(^ 

A process for the manufactun^ of basic aluminum sulfat(\ 
containing little iron is (h^scribed by Lindbhid a,nd llultman.*’ 
The ferric compounds in tlu^ aluminum sulfaln solid,ion ari' lirst 
reduced to the huTous staler and tlum a salt, sm^h as sodium 
chlorides or sulfate, is addiMl and tlu^ solution hiaidiMl iimh'r 
pn'ssure to precipitate tlu' basic aluminum sulfati'. Th(‘ iron 

' S(MiMAT()i.LA, ()., (J{‘r. Pjii. 372,24(), Mar. 2(), 192.3. 

* Mm.LKU, (\ and Ij. Scmili-x.'ht, (}<‘r. Pal. -MSjS-lS, Au^, 21), 1927. 

=‘ViTT()Re, N., Tram. I ml. Econ. Mineral, ami Rv.lr. (Uussi.a,), 8, 1 - Id, 
(1924). 

C9.AHK, L. F., IJ. H. Pat. 1,(349,1.52, Nov. 1.5, 1927. 

Lindelad, a. R,, G. H. Ilm/rivTAN, Swcal. Pals. ,53,()()3, lA^h. 7, 1923; 
53,132, Doc. (3, 1922; Nonv. Pal. ,3S,()ryl, Ocl. 15, 1923. 
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jinains in the solution as a ferrous salt. While the chloride 
id sulfate give good results, other salts whose acid radicals 
>rm soluble ferrous compounds may be used. Basic substances, ^ 
ich as alkali metal hydrate, carbonate, or ammonia, may be 
ided to help in the formation of the basic sulfate. Iron com¬ 
ounds may be removed from a basic sulfate^ by heating with 
Q acid or salt which forms soluble iron salts (such as hydrochloric 
oid or sodium chloride) provided the iron is first reduced to the 
jrrous state. 

Burkcy and Schleicher^ digest aluminum sulfate solutions 
Dntaining an excess‘of potassium sulfate at pressures from 100 to 
30 pounds in order to precipitate basic aluminum sulfate, 
'he ferrous iron remains in solution, but the precipitate contains 
)mc potassium sulfate. 

According to Patrouilleau,^ bauxite is dissolved in sulfuric 
cid and the iron salts reduced to the ferrous state. Ferrous 
xido is formed in the solution either by boiling with metallic 
•on or by passing an electric current through the solution, 
sing an iron anode. The ferrous oxide supposedly forms a 
Lilfate and, consequently, the alumina liberated forms basic 
ulfate. Upon dilution, the basic sulfate is precipitated in a 
ure state and is removed from the ferrous iron by filtering. 
L later patent states that other metallic anodes may be used, 
jY example, zinc and cadmium. In order to decrease the 
ost, certain substances, such as alkali or alkaline earth carbon- 
tes, may be added to increase the basicity of the solution. Th(^ 
itanium is precipitated as oxide and is removed from the basic 
luminum sulfate solution before it is diluted. 

Iluliinair’ adds calcium carbonate to an aluminum sulfate 
olutioii containing hu’rous iron and obtains a precipitate of 
^ IhiLTMAN, O. 11., A. It. T.iNDRLAn, S\v(m1. Pat. 53,1.34, D(h*. (>, 1922. 
Lkdkukh, ()., \V. Stanczak, and II. K.\.sslkh,, Br. Pat. 26^,491, Nov. 24, 
927; Pr. Pat. (>3(),5{)9, Dec. 5, 1927. 

II. and pKTi'Ut SnsNCH and Sons, Ltd., Br. Pat 25,()S3 (1902), 
j,pli(‘d for Nov. 22, 1902. 

“Lindhlad, a. It., (5. H. IIuLTMAN, S\v(mI. Pat. 53,133, IPa*. 0, 1922. 
MliiUKi-n, 11. AL, II. AI. SciiDKK'iiuR, U. S. Pat. 1,415,30S, Alay 9, 1922. 
MtvriiouinLKAU, L. (5., Br. l^it. 240,435, .July 22, 1920; P. S. Pat. 
,092,092, Nov. 20, 192S; Fr. Pats. 5S0,0S4, Apr. 1, 1925; 595,002, Sept. 
>5, 1925; Add. Pat. 30,170, Mar. 29, 1920; Swiss Pat. 11S,220, Dee. 10, 
1920. 

MhiLTMAN, (1. 11., U. S. Pat. 1,007,279, Nov. 10, 1920; Norw. Pat. 
t3,140, Oct. 11, 1920. 
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aluminum hydrate and calcium sulfate. He states that the iron 
remains in solution and that the calcium sulfate can be leaclunl 
out of the alumina by means of water (!). After reducing* the iron 
to the ferrous condition, Kessler^ adds phosphoric acid before^ add¬ 
ing just enough soluble base to precipitate the alumina from an 
aluminum salt solution. According to a German patemt,- basic 
aluminum sulfate is precipitated by ammonia, ammonium carbon¬ 
ate, alkali metal hydrate, carbonate, or sulfite from an aluminum 
salt solution after the iron is reduced to the ferrous state, Tlu^ 
reaction should be carried out in a closed vessel, i)r(4erably in an 
atmosphere of carbon dioxide or sulfur dioxide. 

According to Morel,*^ sodium thiosulfate precipitat(\s alumina 
and sulfur from an aluminum sulfate solution, whiles hu-rous 
iron remains in solution. The sulfur can b(‘. removc^d from 
the alumina by calcination or solution. Mejd(dl‘’ stai,(‘s that 
alumina may be precipitated with sodium suliidc^ sinc(‘ th(^ iron 
sulfide does not precipitate until all of the alumina is r(nnov(ul 
from solution. It is necessary to keep the m)n in th(^ hn-rous 
condition and the precipitation is stopped upon the appearances of 
the black iron sulfide. 

Pedemonte'* treats an impure aluminum sulfates soludon 
with aluminum or zinc until it no longer shows a reul color with 
sulfocyanate. The alumina is precipitated by alkali carbona.t(', 
sulfate, or sulfite upon the application of heat, but t-he iron and 
titanium compounds remain in solution. J\‘itrouiIl(^au'^ ti‘(‘a,ts 
an aluminum chloride or sulfai-e solution with sodium or pota<s- 
sium sulfil.e (3.7 to 4.()5 mols sulfite to 1 mol AloO.-d afb'r lirsl. 
reducing iron, etc., with metallic zinc or aluminum. ll])()n 
boiling, the alumina precipitates and the impurili<\s supposc'dly 
remain in solution. 

Bjorkstedf^ uses ammonium sulfite (prelerably containing 
an excess of sulfur dioxide) to precipitate a basic, aluminum 
sulfite from which alumina is recovered by calcination. 

1 Kessler, Fr. Pat. 244,304, Jan. 15, 1895; Hr. Pa,t. M19 (1895) Get, 5, 
1895. 

21. (1. Farrkninj)USTrje, A.-(J., (i('r, Pa,i. 429,717, Juih' I, 1920. 

Morel, J., Br. Pat. 149,709, Aug. 17, 1920; Fr. Pa,t. 493,010, Aug. 14, 
1919. 

Me-ioell, T. Norw. Pat. 28,991, Aug. 5, 1918. 

Pedemonte, A., Fr. Pat. 573,690, Juno 27, 1924; 1st Add. Pat. 28,083, 
Jail. 14, 1925; 2nd Add. Pat. 29,202, July 10, 1925. 

Patrouilleatt, L, G., Fr. Pat. 567,450, Mar. 3, 1924. 

^ Bjorkstedt, W. G., U. S. Pat. 1,681,921, Aug. 28, 1928. 
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urification by Crystallization of Aluminum Sulfate or an Alum. 

C'ryHiallization or recrystallization of aluminum sulphate 
: an alum reduces its iron content, and many inventors have 
roposed variations of the conditions so as to make the elimina- 
on of iron as complete as possible. Some prefer certain specific 
urns, while others use aluminum sulphate. For either, a 
rongly acid solution is recommended^ to retain iron in solution. 
If aluminum sulphate is to be crystallized out of a solution 
)ntaining iron, apparently the minimum amount of contami- 
ition is obtained when the iron is present in the ferrous form, 
his result may be obtained by reducing the iron in the solution 
ith a metal, such as aluminum, zinc, or iron,^ or oxalic acid or 
calates,'*^ sulfites,sulfides such as sodium, calcium,^ zinc or 
ad,^ or by reducing the iron of the original mineral before 
eatment with acid by heating it under reducing conditions.'^ 
[aureau® recommends the addition of a chloride, to leave iron 
, solution as ferric chloride. 

The precipitation of hydrous aluminum chloride by means of 
iseous hydrochloric acid is said to eliminate the iron.*’ 

A British patent’^’ recommends that a boiling solution (1.39 
)ecific gravity) of aluminum sulfate be rapidly cooled by blowing 
ith compressed air and the liquid removed from the magma 
crystals in a centrifuge. Vacuum evaporation^^ is recoin- 
.ended for aluminum sulfate solutions. 

1 CiiEM. Fab. Griesheim-Elektron, Ger. Pat. 232,503, Mar. 17, 1911. 

2 Giraud, L., Fr. Pat. 585,984, Mar. 12, 1925. 

•^Semper, C., U. S. Pat. 238,013, Mar. 8, 1881. 

MjA Sochete Anonyme deh Anciennes Salines Domaniales de l’est, 
^ Pat. 1201 (1891), Nov. 28, 1891. 

MIohinson, 9\, Hr. Pat. 150 (1880), Jaii. 5, 1880. 

« Petraeus, G. V., U. S. Pat. 225,300, Mar. 9, 1880. 

7 Milhauer, .1., F. Skutil, (' hetn . Zlg., 42, 525 527 (1918). 

»Mauheau, a., Fr. Pal. 548,101, Jan. 5, 1923. Se(‘ also Newlands, 
E. It., 11. S. Pat. 2-43,999, July 5, 1881. 

'•» Asseev, i-., Hr. Pat. 225,199. Oct. 15, 1925; Fr. Put. 579,983, July 22, 
►2-1; Aust. Pa,t. 105,393, Jan. 25, 1927. 

Gardair, F., F, Gladysz, U. S. Pat. 282,878, Aufi;. 7, 1883; Hr. Pali. 
130 (1882) Apr. 2, 1883. 

i"Spen(’e, F. M., I). I). Spence, ll. Spence, Hr. Pat. t)254 (1900), F(‘b. 
;, 1901. 

" ScoEiELi), S. W., J. B. LaRue, U. S. Pat. 1,503,003, Aug. 5, 1924. 

Bock, J., Gcr. Pat. 131,314, May 20, 1902; Br. Pat. 9545 (1902), Juno 
), 1902. 
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In crysiallizinfi; oui poL'usli alum, LjuhI., Vvlrk a-nd Olivor' 
first reduce the iron in soliiUon to (li(‘ IVrrous Hta.(.(‘, \vlul(‘ P(‘(ler- 
sen^ claims that most of th(^ iron pr(‘S(‘nt in air-drical (day in 
already in the ferrous state and Unit (Ih^ f(‘rri(^ iron is (‘ilJua- not 
dissolved or else rc^prc^cipitaUul by an {^X(uws of <da,y. Thus lu^ 
crystallizes potash alum from the solution (a)ntainin|;»; iron in th(^ 
ferrous state. Moxhanr^ proposers to nuiover tin* aluminum in 
sulfuric acid solutions of iron onss by addin#;- pola-ssium sulfate 
and crystallizin#; out the i)otash alum. Jav('t'^ adds th(‘ e-ahni- 
lated amount of sodium or potassium salt and sidfuric^ a-(a‘d to 
clay in order to form alum. Tlu^ silicta is nanovcal by d(M!an(.ation 
or other mc^ans and tlu^ solution e,ool(Ml so that tlu^ alum (^an 
crystallize from solution. 

Soda alum is much more soluble (.luui po(,ash alum, a.nd it 
appears to be diflieult to erystallizi^ it at aJl, allhou#;!! it is 
claimed'^ that when it is erysl.alliz(‘d from !i solid ion (^ontaJning 
an excess of sodium sulfat-(', pndVrably slightly a,(s’d,*‘ by a.gita,ti()n 
at temperature's of 25 to 5()”(1., tlu^ iron n'lnains in solution. 
Aug('^/ on the cemtrary, in onhu’ l-o form (^rysl-als, sla.d‘s jhal, Iho 
solution should contain an ('xau'ss of aJuminum sulfa.te a,nd should 
be between 10 and 25°(b, since' a,hove' 25'"( b the' (‘ryslaJs form 
very slowly, and bedow l()°(b tlu'y (U)nlain an e'xe’e'ss of sodium 
sulfate. The density of the solul ion should nol be* ()\'(‘r I .;ir> 
at 50°Cb, or else^ the^ crystals will (W)in(' down in mushy form. 
If obtained," this crystal luusii may be' spre'ael in layers a,be)ut 

’ Laist, l'\, F. F. Fiu(?k, It. S. Ouvnii, d. S. P;i(s. I.UOO, I 17 nml 1,300, I is 
Apr. 15, lum. 

“Pkdcuskn, H., U. iS. Pjit. 1,IOO,SO(), F<'h. 1 l, l<n>2; Hr. PmI !l)‘),301, 
8(‘pt. 29, 1921; Fr. Pul,. 513,331, Mny 23, 1921; e icr. P.-il :5S(),23 1, S(>p(. 
5, 1923; Swnd. Pjit, 52,9-13, Nov. 1, 1922; N(n-\v. P.m(. 35,193, Jolv 3. 1922. 

TifLs, Kevii Hergoraen, 3, 101 1, 175 S {1923); 4, 1 I (7 (l!)2li; 'I'chniA' 
UlMad 42 , 75-7, <33-3) (192-1). 

-'Moxiiam, a. J., U. ,S. Pals. 1,533,333 and 1,533,310. May 19, 1925. 
Iron Ago 113 , l()37-ir)39 (192-1). 

'‘.Iavst, J']., Fr. Pat. 5<S(),115, Ma,r. 10, 1925. 

*■* STitoiiHAcii, t;., 11. S. Pa,l. 932,007, Au^. 21, 190i); Hr. Pat. 23,531 
(19()()) {)(!t. 3, 1907; Fr. Pal. 372,309, Apr, H), 1907; Norw. Pnl. 10,530, 
Jidy 3, 1907; Swod. PaL 23,-105, Nov. 9, 1907. 

Kackfmann, ()., (Icr. Pal,. 210,03-1, Nov. 0, 1909. 

' Auo/o, F., (lor. Pa,ts. 50,323, Jan. 23, 1390; 52,330, Juh' 3, 1390. S(‘o 
also Br. Pat. 11,975 (1339), Juno 23, 139(y. 

« Auuf, F., (lor. Pats. 53,570, Aiif;-. 20, 1390; 55,-119, Jam 22, 1391. S(m‘ 
also Br. Pat. 10,711 (13.39), Mar. 3, 1390. 
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, inches deep and allowed to recrystallize at 10 to 25°C. Others^ 
ecoinincnd neutral or slightly basic solutions, with a density 
if 1,38 to 1.45. Harrison and Semper^ agree with Augd in 
(referring a solution having an excess of aluminum sulfate. By 
[lixing saturated solutions of sodium sulfate and aluminum 
ulfate, both containing separated crystals, a crop of well-defined 
oda alum crystals is said to form.^ Good crystals of soda alum** 
an also be produced by mixing a hot saturated solution of 
oda alum with a cold saturated solution. It is claimed^ that 
ceding a soda alum solution with crystals avoids the formation 
f anhydrous salt and produces a product with less iron. 

Ammonia alum is preferred by some*’ for a separation by 
ecrystallization, particularly in the presence of ferric iron,^ 
Ithough Larson and Bergman^ reduce the iron to the ferrous 
tate by the addition of a sulfite before the crystallization, and 
^edemonte® also prefers to have the iron in the ferrous state. 
Janssen**^ adds an excess of ammonium sulfate and then enough 
mmonia to form a basic ferric salt, which is alleged to have less 
endency than the normal salt to contaminate the alum crystals, 
leating this basic solution at 75 to 80°C. for 1 hour and cooling 
/ith agitation are prescribed for decreasing the amount of iron 
a the final product. 

1 Dumont, G., Ger. Pat. 141,670, May 9, 1903. 

Bock, J., Cior. Pat. 178,236, Nov. 8, 1906. 

“ IIaruison, T. S. and C. Semper, U. S. Pats. 497,570; 497,571, May 16, 
St)3. 

Si‘EN(’E, F. M., D. D. Spence, II. Spence, Hr. Pat. 5,644 (1900), Fob. 1, 
901. 

•'Spence, F. M., I). D. Spenc'e, Br. l^il. 17,888 (1889), Oct,. 18, 1890. 

Kesseer, .1. L., Br. Pat. 2,710 (18t)3), Dec. 2, 18t)3. 

•’ BiU’iiNi'Ut, M., (b'l'. Pat. 388,168, Jan. 10, 1924. 

Spence, II., Br. Pat. 25,683 (1902), for Nov. 22, 1902. 

IIeeesincj, G. II., Sw(‘{l. Pat. 20,927, May 26, 1906. 

liiNMAN, K. L., Sw('(l. Pat. 62,272, Jan. 25, 1927. 

ZAHKavi, S., Fr;:vnujd Clivtn. 12, 77-“90 (1928). 

Barnett, M., L. BinuiEss, U. S. Pat. l,28t),()36, Oct. 8, 1918. 

“Larson, J. P. W. D. I^eruman, Br. Pat. 120,550, Mar. 20, 1919; 
Norw. PaJ. 32,204, Apr. 25, 1921; Swed. Pa,t. 50,799, Feb. 1, 1922. 

Pedemonte, a., Fr. PaJ.. 577,671, S(‘j)t. 9, 1924. 

•MLvnssen, H., F. S. Pal. 1,619,(U)6, Mar. 1, 1927; K. Gans, Br. Pat. 
32,510, l)<‘c. 8, 1920; Fr. Pat. 519,526, June 11, 1921; Swiss Pat. 90,697, 
tap!,. 16, 1921; Norw. Pat.. 32,548, June 27, 1921; Swed. Pat. 52,575, Au^ 
10, 1922. S(‘(i alsu J. D. Riedel .\.-G., (Lu*. Pat. 368,650, Feb. 9, 1923; 

175,703, May 17, 1923; 424,701, Jan. 29, 1926, 
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Electrochemical Removal of Iron. 

Various inventors have proposed an electrolytic separation 
of iron and aluminum in aqueous solutions. Omd proposes 
to deposit metallic iron in a mercury catliode, while anotlnw* 
claims the same result without the use of mercury. A much 
later inventor* agitates with air during eh'ctrolysis of a sulfuric 
acid solution, and precipitates the iron ashuTic hydr()xi(l(( at tlie 
cathode. Patrouilloau‘ claims that a short-circuit('d voltaic 
couple of iron and copper in a hot solution of aluminum sulfate 
reduces the iron to the huTous form and imm^ases tlu^ basicity 
of the aluminum sulfate so that upon dilution tln^ lal.t(u- will he 
precipitated. Electrolysis of impure aluminum sulfatci solutions 
with anodes of iron, nickel, cobalt, cadmium, or zinc is said to 
work in a similar manner.*' The addition of alkali(is oi‘ a.lkaline 
earth oxides or carbonates increas(!S the basicity of the .solution 
and consequently (hicreases the curnuit consumpt.ion. While 
Giordani" states that aluminum-carhon voltaic couph^s will 
precipitate the iron from neutral .solui.ions of aluminuni .salts, 
Sem^ states that ferrous solui.ions will not i)r(u:ipita(.e. at tlui 
cathode as long as an o.xcess of an aluminum salt is pr<^H(uit. If 
a sulfate is used, basic aluttiinum sulfabi will b(i pr(>(!ii)itat<Ml. 
Boulton** u.ses a combiiUHl magnetic-elect roly l.ie tn^atinenl to 
remove iron from aluminum sulfabi solutions al. 1()()”1''. Morris" 
uses an electrolytic cell with a diaphragm, placing the aluminum 
salt solution in the anode compartnumt and an alkali chloride in 
the cathode compartment. Upon (d(^ctrolysis, alumina is said 

‘voN Klobukow, N., ficr. I'n,t. .'>3,1502, Sept. IS, IH90. See iilso W.\si- 
LKWSKi, ]j., S. Manthl, Przvmyd Uhnii .. 12, -IS -.')2 (l!)2S). 

"LoRwm ANU tt)., Bi'. I’iUr. 2,.')0() (IKHlt), iipi)liisl Tor Muy 19, IK.s;!; 
Gor. Pat. 25,777, .lan. 10, ISW. 

» McKkb, R. ]!., LI. S. Piit. 1,290,209, .fun. 7, 1919. 

■'Patrouii.i.f.au, b. G., Fr. Pat. 027,33-1, 0(9.. 1, 1927. 

'■ PATitouiLi.SAU, L. G., Hr. I>iit. 240,935, .luly 22, 1920; Kr. Piils. .530,0,S I, 
Apr. L, 1025; Add. Pat. 30,170, Mar. 29, 1920; .59.5,002, Sepl. 25, 1925; 
Swiss Pat. 118,220, Dee,. 10, 1920. 

“ Giordani, F., Fr. Pat. 6-10,71,5, .Inly 17, 1922; U. S. Pal. 1,0,85,1.50, 
Sept.. 25, 1928. 

'Sum, M. 0., U. S. Pat. 1,382,808, ,)line 28, 1921; Norw, Pat. 30,11,5, 
(let. 20, 1919. 

» Boulton, ,1., Br. J'at. 20,227 (191-1), .Inly 29, 1915. 

" Morris, F. W., U. ,S. Pal. 890,08-1, ,lime 9, 1908; Br. Pat. 0,119 11908), 
Mar. 11, 1909; Gan. Pat. 105,. 821, .luiie II, 1907; Fr. Pat. 391,398, Oct, 
30, 1908. .See atso Hirota, R., ,lai). Pat. 30,130, Get. .5, 1910; G. ,1. 11, 
100-1, (1917). 
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to migrate to the cathode compartment, forming alkali aluminate, 
while chlorine and sulfuric acid are formed at the anode. This 
seems the least practical of any of the proposed electrolytic 
separations. 

Thermal Processes for Separation of Iron* 

(Certain thermal processes aid in the separation of iron oxide 
and alumina. For instance, a partial calcination^ of the iron¬ 
bearing sulfate is said to decompose the iron sulfate, whereas 
the aluminum sulfate does not decompose and can be removed 
by leaching. Moxham^ states that anhydrous iron sulfate 
dissolves more rapidly in water than anhydrous aluminum 
sulfate, and suggests that a mixture of the two salts might bo 
separated by leaching. According to Hurter,'^ the aluminum 
sulfate is heated to a dark-red heat in the presence of reducing 
gases; the iron can then be dissolved in dilute hydrochloric 
acid. If a chloride is present during the heating, the iron is 
volatilized as the chloride. Jacobsson'^ treats a porous mixture 
of alumina and iron oxide with reducing gasc^s and then with dry 
chlorine (or hydrochloric acid) in the presence of aluminum 
chlorides (also carbon, chromium, or tin chlorides) at a tempera¬ 
tures of 3()()°(^ to form volatile iron chloride. Air or moisture 
should b(^ absent, but th(^ use of aluminum chloride makes it 
possible to work in the presence of traces of th(^s(^ und(‘sirabl(^ 
constitiumts. Foreign patents of recent dat(v'‘ state tluit aft(‘i‘ 
the aluminum salt Inis been heatcul to form the oxide*, tti(* iron 
impuriti(\s may be removed as the metal by fusing with a n^ducing 
agnnt. 


' Nim.siv Ai.tiMiNUiM (!()., Norw. I’al. 32,490, .luiii' 20, 1921. 
iRn/PMAN, (i. ir., S\V(‘|1. Pal. 55,702, Dec. 11, 1023. 

11,MIT, U. S. Pal. 1,322,900, Nov. 25, 1919. 

“Mo.xiiam, a. ,I., U. S. Pul. 1,439,362, Apr. 3, 1924; Pr. Pal. 553,1,59, 
Aufi. 23, 1923. 

•' llinf.TKH, A., Br. I’lit.. 203,793, Sopl. 17, 1923. 

" .I.AcoiissoN, H,., U. S. Pill. 1,,570,3.53, .laii. 19, 1929; Br. Pats. 221,209, 
Auk. <■', 243,133, Nov. 29, 1925; Kr. Pal. .5.34,901, Fi4). l.S, 1925; 

Swiss Pill. 117,772, Dor. 1, 1920; Aiist. Pal. 10.5,333, ,Iiia. 25, 1927; Norw. 
Pat. 44,02.5, Ma,v 2.5, 1927. 

I. (i. F.MiHKNiNDtiHTiiiK, A.-G., Br. Pal. 272,743, .Jiiiio 23, 1927; Nofw. 
Pill. 45,911, Ocl. 1, 1923; Aiist. Pat. 110,855, Oiil. 10, 1028; Can. Pul. 
279,043, Diio. 20, 1927. 
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Miscellaneous Methods, 

According to Goldschmidt/ the minerals rich in plagioclase« 
are easily decomposed with dilute acids. The iron content 
of the labradorite anorthosite rocks is not easily dissolved by 
dilute acids, so alumina free of iron may be obtained from them. 
A German patent^ states that the proportion of iron dissolvcul 
in the treatment of clay with ammonium sulfate can be con¬ 
siderably reduced by working at a lower temperature and for a 
shorter time than is required to give the maximum yield of 
alumina. 

Starting with a mixture of aluminum hydrate and ferrous 
sulfide, Pezzolato and de Felice^ convert the alumina into 
soluble sodium aluminate by the action of sodium sulfide and 
supposedly filter off the insoluble iron sulfide. In sev(‘ral 
patents, Buchner^ describes the separation of a mixture of 
aluminum and iron hydroxides obtained in the acid process 
by treating them with sodium hydroxide. Moxham'* heats the 
mixture of iron and aluminum oxides, obtained from the calcina¬ 
tion of the sulfates, with soda and recovers the alumina as soluble 
alkali aluminate. In the German patents to (Jhemischc^ Fabrik 
Griesheim-Elektron,® the clay is first decomposed with liydro- 
chloric or sulfuric acid and then heated at 300 to GOO'^C. in the 
presence of steam. The resulting product consists of a nu'chan- 
ical mixture of silica and alumina, which may l)e s(^parat(‘(l 
by electroosmosis, or by means of sodium hydroxide, which 
dissolves the alumina, but is said to dissolve very littk^ of (Ik^ 
silica and none of the iron. Doeltcr,^ Pedemunbe,^ and II()S(m- 

1 Goldschmidt, V. M., U. R. Pat. 1,380,552, ,hmv 7, 1921; lU*. TuL 
112,948, June 20, 1918; Gcr. Pat. 365,348, Dec. 13, 1922; Norw. Pals. 28,()r)6, 
Dec. 30, 1918; 30,824, Juno 21, 1920; Hwod. Pat. 50,845, F(4). 8, 1922. 

“J. D. Riedel A.-G., Ger. Pat. 359,975, Hopt. 28, L922. 

3 Pezzolato, A., M. T. de Felice, ¥v. Pat. 3(>4,2(k5, Aug. 18, 1900; 
Br. Pat. 6,122 (1906) June 21, 1906. 

^Buchner, M., U. 8. Pat. 1,162,130, Nov. 30, 1915; Hr. Pat. 15,851 
(1914), applied for July 2, 1914; Fr. PaJ. 477,925, Nov. 17, 1915; G(‘r. Pal. 
229,121, Fob. 26, 1921; Swiss Pat. 87,751, Jan. 3, 192L; Rw(ul, Pal. 47,699, 
S('pt. 8, 1920. 

^Moxiiam, a. J., Fr. Pat. 558,159, Aug. 23, 1923; Br. I*at. 211,536, 
F(4). 25, 1924. 

«Ger. Pats. 369,233, Feb. 16, 1923; 411,580, Apr. 2, 1925. 

^ Doelter, C., Ger. Pat. 65,085 Get. 12, 1892. 

«Pedemonte, a., U. 8. Pat. 1,490,021, Apr. 8, 1924; Br. Pi\L 195,295, 
Mar. 29, 1923; Fr. Pat. 547,862, Dec. 27, 1922; Add. Pat. 26,369; Swiss Pat. 
101,612, Get. 1, 1923. 
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thal^ suggest the removal of the magnetic impurities in alumina 
l)y means of a magnetic separator. Pedemonte^ calcines bauxite 
at a dull red heat after removing the iron with dilute acid. 
The silica and titanic acid are insoluble in fuming hydrochloric 
acid, while the alumina is soluble. In preparing aluminum 
sulfate for the manufacture of paper, Lienau*^ reduces the iron 
in an aluminum sulfate solution with hydrogen sulfide. The 
free acid is neutralized with magnesia and the double salt which 
is formed with the ferrous iron and magnesium sulfate is colorless 
and not affected by light. 

An early British patent to Le Chatelier*^ describes various 
methods for preparing alumina from aluminum sulfate by 
heating with magnesium or !)arium compounds, sodium chloride, 
soda ash, sodium nitrate, or sodium sulfate, and carbon. 

PRODUCTION OF ALUMINA FROM SALTS OF ALUMINUM 

Precipitation of Alumina by Ammonia. 

If alumina be precipitated from an aluminum salt solution, 
by the addition of ammonia, as n'conuuended by many patentees, 
the resulting highly hydrated precipitate tends to be colloidal, 
very voluminous, and v('ry diliicult to filter and wash. X-ray 
spectrographs show that this is not the trihydrate AloOj^.SIiaO 
which is precipitat('d in the ihiyer proct'ss, but apparently a 
dilT(U-ent form. This precipitate has a strong tendency to 
(uther adsorb salts or include basic aluminum salts, which resist 
solution in watm*. Sonu' invemtors i)r(‘f(‘r t.o nnnove th(' sulfat(i 
radical from ahiininum sulfa((‘ or alum solutions l)(‘for(‘ aticmipt- 
ing to pr(‘cipita((‘ llu' alumina. This is usually a(i(M)mplish('d 
by adding a caleJiun or barium compcjund and hltculng off tiui 
insolubh'. sulfate.*' 

' U.osSNTiiAF., (1., Hr. Pnl. (>,290 (ISS4), applicul for Apr. 12, ISSd; (Icr. 
Piit. ;u,;ir)7, May 1), issf). 

" Pi'iDOMON’i’K, A., U. S, PaL 1,19{),()21, Apr. S, 1924; Ki’. Aild. Pat. 2r),5as, 
Mar. 19, 1924. 

■'LiKNAli, F., i \ v \\ Pats. 21,4-9), Pel). 22, 1SS4; 24,194, Ang. 10, 1SS4. 

MjO Hr. Pat. 2,()r)-t (ISOO), a,ppli<'‘l Aj)!*. 40, ISOl. 

S{)(Mei’A .Humana Sulka-i'i. Hr. Pat. t),l<S0 (19t)4), apt)li(Ml for Mar. 17, 
P.)04. 

VN<iS'rR()M, L. a.ii(l A. H. Hindhoad, Swcal. I*at. 11,110, Au^. 9, 191(). 

IMistis, h\ A., U. S. Pat. 1,477,SS2, May 10, 1921. 

Hayward, C. It., 11. M. Hciilmkjiimr, F. O. Stillman, U. S. Hat. 
1,470,0) 10, Mar. S, 1921. 
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la order to get a precipitate which may be readily filtered 
and washed, it has been proposed^ to heat the precipitated 
mixture in an autoclave for several hours^ or^ to carry on the 
precipitation in a digester under pressure of 10 to 15 atmospheres, 
or^ to boil a basic aluminum sulfate with ammonia under pressure. 
Blanc‘S adds ammonia, preferably gaseous, to a boiling and 
violently agitated aluminum sulfate solution. The Riod(d 
Company^ saturates a strong ammonia solution with ammonium 
sulfate before adding it to the aluminum sulfate solution. 

Heibling,® Buchner,^ and Yamazaki and Yasucla"^ pass 
ammonia gas over moist solid crystals of alum or aluminum 
sulfate. Darling^ recommends the use of a concentrated 
aluminum salt solution, while Langlct and Rinrnan^^’ add dropl<d.s 
of such a solution, or the powdered aluminum salt to the solution 
of the alkali. This idea has been elaborated by Buchner’' and 
his collaborators, who use a large excess of concentrated ammonia 

1 Halvorsen, B. F., U. S. Pat. 1,333,020, Mar. 9, 1920; Fr. Pat. 505,270, 
July 27, 1920. 

2 Norsk Hydro-Elek. Kvael., Br. Pat. 134,531, July 8, 1920. 

^Hultman, G. H., Swed. Pat, 57,812, Nov. 11, 1924. 

^ Blanc, G. A., Br. Pat. 181,678 (Void), applied for Feb. 15, 1922. 

^ J. D. Riedel A.^G., Ger. Pat. 442,255, Mar. 24, 1927. 

•' Hbibling, J., U. S. Pat. 521,712, June 19, 1894; Fr. Pat. 227,425, Jiiu. 
25, 1893; Add. Pat. July 12, 1894; Ger. Pat. 70,649, July 26, 1893. 

'Buchner, M., U. S. Pat. 1,337,191, Apr. 20, 1920; Ger. Pat. 301,612, 
Aug. 3, 1921. 

^ Yamazaki, Z., and M. Yasuda, Jap. Pat. 44,219 (1922). 

Yamazaki, Z., J. Soc. Chem, Ind (Jai)au), 29, 154-60 (192{>.) 

'•’Darling, J. D., U. 8. Pat. 285,579, Hepi. 25, 18<S3; Br. PaL 1,577 
(1883) Sept. 27, 1883; Ger. Pat. 26,705, Mar. 24, 1884. 

’’’Langlet, N. A., E. L. Hinman, U. 8. Pat. 1,015,499, Jan. 23, 1912; 
Hr. Pat. 17,589 (1908), Mar. 25, 1909; Fr. Pat. 3<S8,527, Aii^. 14, 1908; 
Ger. Pat. 201,893, Sept. 18, 1908; Norw. Pat. 19,654, Jan. 31, 1910. 

Buchner, M., U. 8. Pats. 1,337,192, Apr. 20, 1920; 1,386,920, 9, 

1921; 1,493,320, May 6, 1924; Hr. Pats. 16,597 (1915), Apr. 7, 1921; 162,303, 
May 5, 1921; 195,998, Apr. 12, 1923; Fr. Pats. 505,532, July 31, 1920; 
511,809, Jau. 5, 1921; 515,062, Mar. 24, 1921; 542,176, Au^-. 7, 0)22; Ger 
Pats. 301,675, Jan. 12, 1921; 303,923, Mar. 22, 1921; Add. Pal. 302,112, 
July 8, 1921; 348,905, Feb. 18, 1922; 425,222, Feb. 13, I92(); Swiss Pals. 
84,909, Apr. 16, 1920; 86,189, Au^;. 2, 1920; Swnd. Pats. 46,112, Nov. 26, 
1919; 53,945, May 9, 1923; 51,345, Apr. 5, 1922; Norw. Pal. 40,118, Nov. 
3, 1924; Aiist. Pat. 106,692, June 25, 1927. 

Buchner, M., Ger. Pat. 388,168, Jan. 10, 1924; Norw. Pa.t. 35,803, 
Ot. 2, 1922; Swed, Pat. 51,345, Apr. 5, 1922, 

J. D. Riedel A.-O., Gor. Pal. 424,701, Jan. 29, 1926. 
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Holiition, to which Is added either a very concentrated alumimiin 
sulfate solution (preferably in droplets) or small crystals of 
aluminum sulfate. In the latter case, the precipitated hydrate 
forms pseudomorphs of the crystals, which are strong enough to 
stand careful handling and may be satisfactorily filtered and 
washed. This has been demonstrated in semi-commercial 
experiments. The sulfate may be converted to chloride before 
precipitation if desired.^ 

Other Precipitating Agents, 

Ammonium carbonate,^ sodium carbonate,milk of lime,*’ 
calcium carbonate, magnesia or baryta^ and alkali sulfide'^* hav(^ 
been proposed for precipitating aluminum salt solutions. Alu¬ 
minum and iron may be precipitated together by potassium 
sulfide^^ or sodium sulphydrate,^^ separated by trans- 

forming the alumina into soluble aluminate by means of sodium 
sulfide and precipitating the alumina by means of hydrogen 
sulfide. It is also claimed^^ that iron filings will precipitate 
alumina from a hot (90°C.) aluminum sulfate solution, leaving 
the iron in the solution, (blloidal matter may be removed 
from an aluminum sulfate solution by means of ‘^packing-house 
stick,’’ or a slowly precipitating arsenic sulfide.'*’ 

1 Huciinku, M., Fr. Pat. 505,232, July 2 ( 1 , 1920; Gor. Pat. 299,781, 
July 7, 1921. 

- SociETA Homana 80 UEATI, Br. Pat. 3,776 (1904), api)lio{l for Feb. 15, 
1904 

‘‘ Pedemonte, a., n. 8 . Pat. 1,490,021, A])!-. 8, 1024. 

‘ Ban, T. Piku(?iii, Ja]). Pat. 31,720; {(\ A. 12, 1238). 

RoTuiiEiK}, M. F., U. 8 . Pat. 657,453, 8 (^pt. 4, 1900. Alvisi, U., and 
F. Millosevumi, Br. Pat. 8,302 (1902), Apr. 9, 1903. 

SS()(jietA ItoMANA 8()leati, Fr. Pa,t. 330,280, Aup;. 17, 1903. 

7 Pedemonte, a., Fr. Pat. 577,671, 8 (‘pt. 9, 1924. 

« Fustis, F, a., U. 8 . Pal. 1,212,334, Jan. 16, 1917. 

” Le Giiatelier, F., Br. Pat. 2,654 (1860), 61(ul Apr. 30, 1861. 

NoitSKE AkTIEHELSKAH EOU ElEKTKOKEMIWK iNDirSTIil, Norw. Pa(. 
28,991; Auji;. 5, 1918. 

Pez/()l.\t(), a., M. T., de Felice, Fr. Pat . 364,265, 18, 190(i; Hr. 

Pat. 6,122 (1906) Juno 21, 1906. 

Rinman, 1j., Br. Pat. 243,356, Nov. 25, 1926; Swod. Pat. 62,273, Jan. 
25, 1927. 

Moxiiam, a. J., it. 8 . Pat. 1,538,839, May 19, 1925. 

Deane, W. A., U. 8 . Pat. 1,359,037, Nov. 16, 1920. 

^'‘Spence, II. and P. Spence and Sons, Ltd., Br. Pat. 6,529 (1906) Mar. 
14, 1907. 
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Sulfite solutionn of alumina may be precipitated by nuu’oly 
boiling off the excess of sulfur dioxide J A fractional precipita¬ 
tion of this type, to separate alumina from dissolved silica has 
been described,^ but laboratory tests indicate that it is 
unsatisfactory. 

Alumina Production by Calcination of the Sulfate, 

Both the simple sulfate and the alums crystallize with large 
amounts of water of crystallization. The calcination process, 
therefore, consists of two steps: first, removal of crystal water, 
and second, decomposition of the anhydrous salts to form 
alumina, oxygen, and oxides of sulfur. The drying process 
takes place at relatively low temperatures (apparently 180 to 
300°C.), while the decomposition of the anhydrous salt begins 
at higher temperatures and probably requires about 900*^0. or 
higher for its completion. 

Difficulties arise in the drying step because of the tendency 
of the salts to melt in their water of crystallization if the t('ni“ 
perature is raised too rapidly, or to form dried crusts which 
impede the passage of both heat and moisture. Some inventors*^ 
recommend a very gradual increase in temperature during tlu^ 
drying period, while others*^ go to the other extreme and heat 
the salt very rapidly indeed. 

1 CoMPAGNiE Generale l'Alttmine Societe Anonyme, Norw. Pal.. 
7,552, Sept. 4, 1899; Dan. Pat. 2,340, July 3, ISSO. 

Ramsay, J. 14., P. R. Lowe, Br. Pat. 9,705, Aug. 3, 1910. 

Raynaud, E., U. S. Pat. 650,753, May 29, 1900; G(u’. Pat. 107,.502, 
Nov, 14, 1899; Swed. Pat. 10,208, Oct. 14, 1899. 

Wildman, PL G., IT. S. Pat. 1,320,384, D(m‘. 30, 1919; Br. P:ii. 101,310. 
Apr. 14, 1921; Fr. Pat. 509,142, Nov. 2, 1920; Quarrt/, Surnri/ors atid Con 
tractor.^' J 27, 233 (1922). 

Yngstrom, L., a. R. Lindblad, S. A. .1. BHR(}S('n()Ln, SwimI. PiO. 10,7.57, 
June 7, 1910. 

“Kalmus, H. T., W. L. Savell, U. S. Pa,t,s. 1,090,179, Mar. 17, 191 1; 
1,148,092, July 27, 1915. 

^ Perry, R. S., H. G. Sciianciie, IT. S. Pat. 718,,52.5, Dec. 29, 1!H)3. 

Cummer, A. E., U. S. Pat. 7(39,531, S(‘|)t. 0, 1901; Pr. Pal 330,0.5.5, 
Aug. 11, 1903; Br. Pat. 4,820 (1903), Jiin(‘ 18, 1903. 

tliROTA, K., Jap. Pat. 30,054, Jan. 23, 1917; (\ .1. 11, 2.392 (1917i. 

'‘Pedersen, PL, U. S. Pat. 1,400,890, Fd). M, 1922; Br. Pal. 109 301, 
Sept. 29, 1924; Ger. Pat. 380,234, S('pt. 5, 1923; Fr. Pal. 518,3:11, Mav 23, 
1921; Swed. Pat. 52,943, Nov. 1, 1922. 

Wang, F., Norw. Pat. 30,038, Oat.. 23, 1922. 
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Tilley^ heals polasli alum al 80 Lo for several hours 

in a current of air or other inert gas to eliminate more than 
one-half the water of crystallization. After this preliminary 
heating, the crystals do not melt when heated at 800 or 1000°C. 
to drive off the sulfur trioxide. 

Barnett and Burgess^ proceed gradually from the solution 
to the molten hydrated salt by increasing the temperature with 
continual vigorous stirring, and continue the heating and stirring 
until the salt is dry. To produce a porous mass, Enequist'^ has 
suggested that the solution may be concentrated until it starts 
to solidify, and then poured out on sheet zinc or aluminum, so 
that the evolved hydrogen passes through the cooling mass. 

Jacobsson'^ recommends vacuum drying to produce porous 
lumps, or the formation of small lumps by blowing the hot 
saturated solution with air. Howard"’ dries on a heated revolving 
plate, to which liquid is fed and from which the solid is scraped 
off. Llewellyn® dries the aluminum sulfate in a very similar 
manner by distributing the hot saturated solution of the salt 
in a thin film upon the surface of a revolving drum or cylinder. 

Reducing agents, such as pitch,carbon,®-® or sulfur^® may be 
added to facilitate the decomposition of the anhydrous salt in 
the second step. Kteam^’ and reducing gases^^ also may be used 

^ Tillky, G. 8., U. 8. Pat. 1,086,112, Oct. 2, 1928. 

2 Barnett, M., L. Burcjess, U. 8. Pats. 1,252,384; 1,252,648, Jan. 8, 1918. 

’ Knioquist, J., U. S. Put. 520,410, Miiy 20, 1804. 

" ,Ja(;oh.sson, li,., U. S. Pat. 1,570,353, Jan. 10, 1020; Hr. Pat.s. 221,200, 
Aur. 0, 1025; 213,183, Nov. 20, 1025; Fr. Pat. 584,001, Pel). IS, 1025; 
Swiss Pat. 117,772, Drr. 1, 1020; Nonv. Pat. 14,025, May 25, 1027;Au.st. 
Pat. 105,338, Jan. 25, 1027. 

Ilow.viti), II., U. S. Pal. 1,173,428, O’ch. 20, lOKi. 

“ Li.kwki.i.yn, I. P., Hr. Pat. 20,010 (1012), Hi‘i)t. 25, 1013. 

’ W'KiisTKii, J., I (. S. Pat. 252,082, .Ian. 31, 1882; Hr. Pat. 2,580 (1881), lilcd 
Dec. 14, 1881; dm'. Pat. 18,721, July 4, 1882. 

" J'lMANUKU, P. A., If. S. Pat. 057,848; May 10, 1010; Hr. Pat. 20,048 
(1010) (Vuid). 

La(iio, I'V. Pat. 410,100, !)(>«. 28, 1010; dan. Pat. 120,105; Nov. 1.5, 1010. 

ScaiwAUN, II. F. D., U. H. Pat. 1,171,300, Feb. 8, 1010. 

'•'Tanaiiasiii, .lap. Pat. 30,700, Jan. 31, 1017; C. .1. 11, 2,303, (1017). 

>" Fmaniti.;!., P. a., U S. Pat. 4.5.5,011, July 7, bSOl. 

" Hi.AUKMOitu, II. K., U. H. Pat. 724,251, Mar. 31, 1003. 

llKwiTT, J. T., F. d. PopK, Hr. Pat. 11,011 (1808), May 13, 1800. 

SuiiwAiiN, d., U. S. Pals. 1,132,737; 1,132,730, Mar. 23, 101.5. 

Askhnasy, P., M. Dukifitsk, der. Pats. 3.83,434, Get. 13, 1023; 400,003, 
Nov. 13, 1021. 
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to asvsisi; in docoinposition. Wlnni hU'juu i.s to Ix^ ohchI, 
soHK^ inventors prefer to add ina^nesiuin chlorides wit-h or 
without a little limed or alkali chlorides,- especially sodium 
chloride^ When aluminum, sulfate is modcratedy heated with 
the correct amounts of sodium chloride, carbon, and moisture, 
hydrochloric acid is evolved and upon heating to a higher 
temperature, sodium aluminate is formed.*^ HerrenschmicH/’ 
melts a mixture of aluminum sulfate, boric acid, and izinc sulfate 
in the electric furnace to obtain fused alumina. The zinc 
sulfate is added to prevent the formation of carbides at the 
electrodes and the boric acid to act as a solvent and aid in the 
fusion. Froelich® prepares molten alumina by heating alu¬ 
minum sulfate under pressure. The dissolved gases (sulfur 
trioxide and water) are removed upon releasing th(^ pre^ssure^ 
and the alumina remains behind. 

ALUMINA FROM ALUNITE 

Alunite is a naturally occurring basic sulfate of aluminum and 
potassium of the approximate composition, Ku 0 . 3 Al 2 ();j. 4 SC);i.- 
6 H 2 O, or as it is sometimes written, K 2 S 04 .Al 2 (S 04 );j. 4 Al( 0 H):,. 
According to Mitscherlich,'^ this compound may be pn^panxl 
artificially by adding an alkali to a solution of alum until tlu' 
further addition would produce a permanent precipitate^ and 
then heating the resultant solution of neutral” alum in a 
sealed tube at 40°C. until the artificial alunite is pr(‘cii)itat(Ml. 
The crystalline form may be prepared by heating ih(‘ luait-ral 
alum in a sealed tube at 230°C. The natural product is insolubh^ 
or only very slightly >soluble in water. Its greatc^st handicap is 
the inaccessibility of the deposits. 

1 Rosenthal, G., Br. Pat. 0,200 (1884), applied for Apr. 12, 1881; G(‘r. 
Pat. 31,357, May 0, 1885. 

2 Humphrey, O. W., U. 8. Pat, 1,540,200, July M, 1025. 

Mveoch, L. R., U. H. Pats. 7J(),30J, Sej)t. 20, 1003; 7M,7(>5, Nov. 21, 
1003; 704,413, July 11, 1005; Br. Pals. 23,018 (1003), 10*1). 25, 1001; 23,010 
(1903) Jan. 14, 1004; 2,055 (1004), Oct. 20, 1001. 

Gaheau, N. J., Fr. Pat. 030,8-14, Juihj 30, 1028. 

I. G. I<'akhenini)Ustuie, A.-G., Br. PnL. 300,181, .Xov. 5, 1028; (l-iri. !’;i(. 
270,990, May 8, 1028; Fr. Pat. 039,177, Jiuu* 15, 1028 

•MTerrensoiimidt, li., Br. Pat. 2,078 (1008), S(‘p(. 17, 1008; Swi.ss Pn,! 
43,900, Fel). 0, 1908. 

Froelich, F., Swiss Pat. 125,709, May 1, 1928. 

^ Mits('heklich, a., ,/. pralcL (Imu., 81, 108 (1800); 83, lOl (1801), 
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Various methods have been suggested for the production of 
potash and alumina from this ore and they may be roughly 
divided into two classes; those in which sulfuric acid is added 
to the substance, and those in which the combined sulfate is 
partly or totally decomposed. 

Concentration by Density or Flotation Methods. 

Hagedorid roasts the crushed ore to decompose the aluniinum 
sulfate and hence decrease the density of the alunite. The density 
of the gangue does not change appreciably, and therefore the alumina 
and gangue may be separated by gravity methods after the soluble 
potassium sulfate is removed. According to Hornsey,^ a flotatioii 
method may l)e used to sei)arate the alumina from the impurities in 
roasted alunite after the soluble products have l-)een removed. About 
2 pounds of oleic acid per ton of impure alumina are required to effect 
the sei)aration. 

Digestion with Acids and Other Substances. 

Tilley’* digests pulverized alunite with 20 j)er (xmt sulfuric acid at 
for 24 to 48 hours in order to remove j)ra(di(ailly all the iron and 
])otassium and a j^art of the aluniinum as sulfates. After reducing 
the iron to the ferrous stale, the iiotash is crystallized from the solution 
as alum, leaving some aluminum sulfate still in solution. The residue 
which did not dissolve in the sulfuric, a-cid is jiractically free from iron 
and after roasting can lie dissolved in dilute sulfuric acid to form pure 
aluminum sulfate. 

IVIoldenke’* digests pulverized alunite with coiiccuitrated sulfuric, 
acid at its lioiling jioint in a (T)sed vess{4 and then leaches out the 
sulfates to re(a)V(U* them by (uystallization. Calcination is carri(Ml 
out in stt‘ps in a. cirtadatlng atmos|)h(U’e of sulphur dioxide and oxygen, 
wluu’c'by first. tJu^ ii’on, a.nd tlum the aluminum sulfah^s an' (hu'oniposiMl, 
whiles the potassium sidfate i’(‘inains uncluinged. ('anun’on and ('ull(ui“ 
lu^at a. mixt.ur(^ of puK’ei'izc'd alunite and 50° He. sulfuric. a.eid at lot) t.o 
2()()‘T1. Aft.(‘r adding a, 10 jr'I* (*(‘nt (‘xcess of wat(U’ above that r(a|uir(Ml 
to furnish 21 inols of wat(U’ for tJu^ alum and IS niols for tlu^ ahiininum 
sulfate, the solution is filt.ei’cul and tluj alum allowc'd to crystallize. 
'The aluminum sulfa.U^ which still remains in solut.ion is r(u*overed by 
eva])orating the excess water. 

' IlA(}iODOitN, C. F., U. S. Pals. l,2r).hr)<)(); 1,20:4501, Jan. 15, lOlS. 

-Ilou.NsiOY, J. W., IJ. S. Pat. 1,255,740, lAO). 5, lOlS; Hv. Pat. 1 IS,0();4 
.'\ug. 15, 1018; Norw. Pat. 20,000, May 5, P.)10; Sued. I^il. 17,157, Jum' 
11), it)20. 

’* Tmnnv, (1. S., U. v8. Pat. 1,501,708, July 0, 1020. 

' MonDKNKU, H., U. S. Pat. 1,282,27:4 Ocl. 22, lOls. 

•■ ('AM’-utoN, K.. .1. A. (hiiUiKN, U. S. Pal. 1 , 2 : 10 ,7()S, S<‘pt. 11, 1017. 
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Chappell^ treats crushed alunite with sulfuric acid and then after 
filtering, precipitates the iron with ferrocyanide. The aluiriina is then 
precipitated with ammonia and the mixed sulfates of potavssium and 
ammonium recovered for use as fertilizer. 

In the patent to Detwiller,^ the finely powdered alunite is digested 
under constant agitation with boiling nitric acid. The silica is insoluble, 
while potassium and alumina go into solution as nitrates and sulfates. 
The alumina is precipitated with ammonia or caustic potash while the 
solution is constantly agitated. 

In a French patent,^ the alunite is boiled with calcium hydroxide or 
carbonate and the resulting solution of potassium sulfate filtered off 
and the salt recovered by crystallization. The alumina is recovered 
from the residue by digesting with hot sodium hydroxide solution. 

Meyers^ passes sulfur dioxide and oxygen over alunite heated to a 
temperature of about 450 to 550°C., thus forming sulfur trioxide, 
which neutralizes the basic part of the compound. 

Furnace Processes. 

These are inherently unsatisfactory because of the difficulty in (ion- 
trolling the temperature throughout the heated mass. According to 
Bowley,'’ alunite is completely decomposed at 8(K)°C. into potassium 
sulfate, alumina, sulfur trioxidc, and water, while at 0()()°(f })otassiiim 
aluminate is formed. A survey of the literature shows that it is com¬ 
monly recommended to roast the alunite and then extract the i)otassium 
sulfate. 

MacCarthy^ heats alunite to 5()()°F. in tl i(‘ absence of air and tlum 
dumps it into water, ther{4)y dissohdng the soluble suira4.(‘s of potassium 
and aluminum. Cameroid roasts tin' ground alunite and then ('xtra.ct,s 
the soluble alum. This is decom])os(Ml by luxating and th(‘ evolvcal 
sulfur gases used to convert unchanged idumina into tin* sulfabn In a, 
French patent” the alunite is crusluMl and tlum calciiual until the 
alumimmi sulfate is decomposed. Tlie i)otassium sulfa.t(‘ is h'aclual 
out and recovered by crystallization. 

According to (4iapi)ell,'‘‘ very little jduminab' is fornu'd wlum a.lunit(‘ 
is slowly luxated to 750 to I()()()°(\ in a strong curiamt. of nil’. The 

^Chappell, H. F., (I. S. l*a(,. l,58(),50S, .Apr. l.'i, l!)‘J(). 

^DETWinuEU, 11. ,J., V. S. Pal. 1,271,115, .Inly 50, lOlS. 
M^ETiT-DEVAuoEia.E, Fr. Pal. 521,S|(), Sep). 10, 1021. 

Meyers, II. II., II. S. Pal,. 1,511,2X0, .Aug. 20, 1010. 

Howlev, II., Proc . Hod . Sor . Ifc.s/ . 1//.s7ra/5/, 7, IS (1021). 

®MacCautiiy, F. H., U. S. Pal. 1,115,015, .Vpr. IS, 1022. 

KIam-euos, F. K., P. S. Pal. 1,255,077, July 17, 1017. 

”kS()(uete Dior Fins, Fr. Pal. lIOjS.Al, Jan. 17, 1011. 

MhiAPPEnn, II. F., II. S. Pal. 1,070,521, .Aug. 12, 1015. 
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alumina becomes insoluble in water, while the potassium sulfate becomes 
soluble. In later patents^ he states that the calcination of alunite can 
best be carried out in two steps. The alunite is first heated to 600°C. 
in the regular manner, since only a small amount of sulfur gases are 
given off at this temperature. The material is then transferred to a 
closed retort and heated to 900 to 1000°C. while the sulfur gases are 
collected. Some of the heat expended in calcining the alunite can be 
utilized for the extraction of the potassium sulfate by dumping the hot 
product into tlie liquid.^ He also describes a calcining apparatus*^ for 
alunite consisting of a rotary kiln so constructed that the products of 
combustion coming from the fuel are completely oxidized before mingling 
with the fumes of oxides of sulfur. After passing through the cooler 
part of the kiln, the alunite is then further heated to complete the cal¬ 
cination, by direct heating in the combustion zone.'^ It is claimed that 
more effective heating is obtained and very little potash is lost by 
volatilization, because the potassium sulfate partially fuses and forms 
a protective coating on the surface of the particles, which are then 
({uickly removed from the high temperature zone. 

Silsbee^ roasts the alunite at 700 to S00°C. and then quenches the 
hot ore in a mother lic[uor of potassium sulfate. The mixture is then 
])assed through classifiers which remove the silica but leave the finely 
divided aliiniina in sus])ensi()n. After removing the alumina by means 
of thickeners, tlie solution is evaporated and the potassium sulfate 
crystallized. 

According to Ilagodornd’ the alunite is first calcined and then digested 
with hot water under a i)r(‘ssurc of 50 to 70 pounds to dissolve the potas¬ 
sium sulfate and leave the alumina in a granular form easy to filter. 

S})(Mu;(^ and Llewellyid calcine tiie alunite and recover the alumina 
by nu'ans of sulfiirous acid. Moldenke^ mixes the alunite with sulfuric 
add and tiuui heats tlu^ mixtun^ to form bricks which ar(‘ broken up 
and h('at(‘d to a higlu'r b'uqxu’ature. Aft(U’ huiching with wat(‘r, tlu' 
potash alum is crysta-llizcal a-nd nmiovaxl from solution, and tlum 
a,mmonimn sulfate is added in orden- to c,rystalliz(‘ ammonium alum. 

^ (IiAi>i>ULL, H, F., li. S. Pais. 1,0S<),10<); L,0Si),110, Mar. 3, 1011. S(m> 
also U. S. PaL 1,105,555, Aug. 22. 1015. 

“ (OiAPi^nuL, II. P., U. S. Pal.. 1,258,433, .Ium‘ 1, 1018. 

MliiAeimuL, M. F., U. S. PuL 1,317,585, Oct. 7. lOlO. 

MhiAueULL, H. F., U. 8. Pats. 1,101,135; 1,401,137, I)(‘c. 27, 1021. 

MSiusnion, .1. L., U. «. Pat. 1,385,031, Aug. 2, 1021. 

'* IIacuodohm, C. F., U. 8. Pat. 1,175,430, Mar. II, lOlti. 

' SeuNcn, IL and W. B. bLiowJOLLYN, U. S. Pal. 1,255,505, 10, 1018; 

Hr. Pat. 100,008, Oct. 2, 1017. 

S(U‘ also Yamazakt, J. and J. Fuhukawa, ,/. Sor. Chc.ni. Ind. (Japan), 
29, M7-53 (1025); C. .4. 20, 3,335 (1025). 

«M()iU)ioNKn, H,., IT. S. Pat. 1,537,151, .\ug. 2, 1027. 
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In the process of Matheson/ it is claimed that the grinding and drying 
of the ore before roasting is unnecessary and that no extraneous supply 
of sulfuric acid is required. The alunite is first roasted or calcined in 
the absence of air and the evolved gases used to treat a second portion 
of previously roasted alunite in the presence of siifllcient water to 
produce strong sulfuric acid. The temperature of the gases coming from 
the roasted alunite is between 400 and 500°C. and no other heat is neces¬ 
sary for the second reaction. The iron oxide in the alunite acts as a 
catalytic agent for the combination of sulfur dioxide and oxygen. The 
final product is leached with water and, after crystallizing the alum, 
the excess aluininuni sulfate is also recovered by crystallization. 

In the patent to Downs, ^ the alunite is first fused with an alkali 
to obtain the soluble sodium and potassium compounds. The insolubh' 
alumina is fused with sodium carbonate and the soluble alkali aluminat(‘ 
treated in the usual way. Williams** fuses tlui alunih' witli alkali 
carbonate to form alkali aluminaie. TIk^ mass is haK^lnsl with wab'r 
and the alumina prcKui)itat(al with sp(Hdal furmu^e gast^s rcisulting from 
incomplete comljustion of soft coal. 

According to MacDowell,* the sodium and potassium salts ani 
volatilized when the alunite is heated at IKK) to l(3()0°Ck The axlditiou 
of carbon lowers the temperature and, contrary to what might l)e 
expected, is said not to result in the formation of aluminatcu Ihu'shimin 
and Cooke*’ heat a mixture of alunite and carbon in a nalucing atmos¬ 
phere at a low temi)erature and obtain alumina a,ml potassium 
aluminate. The alumina is alkali-solubk^ and may )h' trc'ab'd in tln^ 
regular manner. In a patent to Hei'shimin,'* tlie potassium aJumimiK^ 
is extracted with hot water umhu* a pressures of IbO to 1 To pounds. It is 
also stated that all the alumina may Ix^ (‘oinx^rhsl to alumina,t(^ by 
adding the necessary amount of potassium salt to tin' origiiia.1 (dia,rg(‘. 

ShoekP mixes the alunite with a simill a,mount of carbon a,ml lu'ats 
in a reducing atmos])her(^ until tln^ aliimiimm sulfaU', but not, tin.* 
potassium sulfate is decomposed.^ 

In another ])atent to ITcu'shman,** tlu^ alunih^ is in'atc'd with linn* and 
alkali chloride^ in tlui pn'seuce of suporln^a-b'd st(‘a,m to a tmnpcrat.un* 

^ Matiieson, a., Br. Pat. U)7,5r)r), Aog. S, 11)21. 

2 Downs, W. F., U. S. Pal. b3;i<S,-l*2S, Apr. 27, 11)20. 

3 Williams, G. L., U. S. Pat. 1,7)51), I SI), Ocl. 27, 11)25. 

’^MacDowell, C. H., IJ. b. Jkit. 1,150,511), .Vpr. 20, ID 15; Br. Pal. 

5563 (1915), Sept. 30, 1915. 

Hersiiman, P. It., and It. I). Cooke, U. S. Pa,(. 1, ISO,251, .Inly I, 
1916. S{'(Mil.so Petit-Devaucellh, I.., l^'r. Pal. 521,SIO, Scj)!. 10, 1921. 

« Herkiiman, P. It., U. S. Put. 1,191,105, .Inly 11, IDIO. 

' SnoELi), M., U. S. Pat. l,-l()l,7-l 1, I)('c. 27, 11)21. 

** See Janes, F. W., Bull. (U)iNinon.ir<'(illli .{uslralm, Adi'isnri/ Coiindl 
ScL I ml, 1917, No. 3, 3S pp.; (\ A. 13, 21)1) (11) ID). 

niBRSHMAN. P. H., n. S. Put. 1, 11) 1, 10 1, Jlllv II, IDK). 
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not exceeding 1400°C. Soluble alkali aluminate is obtained by digesting 
with hot water, preferably under presssure. The alumina contained 
in the residue may be extracted with alkali. By using 30 parts of lime 
to 100 parts of ahmite and heating to 1000°C. in the presence of steam, 

40 per cent of the total alumina is said to be obtained as soluble 
‘iAUOs.K.Od 

Mitchell2 adds enough limestone to the alunite to combine with the 
sulfates as well as the silicates. By heating at 1100 to 1300°C., a 
/•;ranular or porous alkaline earth aluminate is olotained, which is easily 
leached with sodium carbonate. Downs'^ seems to think that a pre¬ 
liminary heating f)f the alunite with a basic substance offers the best 
method for the treatment of the ore. 

Fox-i heats a mixture of alunite and fluorspar (3 equivalents of 
fluorspar to 1 equivalent alumina) to red heat and obtains solul)le 
I)otassiuni sulfate and insoluble calcium sulfate and aluminum fluoride. 

Blough and McIntosh^’ sinter a mixture of finely ground alunite and 
sodium chloride at a temperature of 800°Ck The soluble sodium 
and potassium sulfates are separated and the sodium sulfate heated 
with the ins()lu])le alumina to a temperature less than 1500°C. to form 
soluble sodium aluminate. 

Cross^‘ hea,ts a mixture of alunite and sodium chloride at 500 to 
700°C. in th(^ jm'scuice of supt'rlu^ated sh^aiii. The sodium and potas¬ 
sium sulfates tuv. solui)l{^ and ar(^ r(‘mov('(I by kuiching. The insolubh^ i 

alumina is tlum lu^atcul with carbon and sodium sulfate to 1250°(A to 
form S{)lul)l(‘ aluminate. Th(^ ojx'ration may b(^ carried out with a 
single fusion. 

HYDROCHLORIC ACID PROCESSES l| 

i 

('()ini){u*(al wit h sulfuric acid, hydrochloric acid has ( ho || 

fundaimmlu-l disadvantage' of a considc'rably higlu'r cost.. In i- 

ge'iK'ral, it must In' iuad(' by tlu' la'action of sulfuric acid on salt. [; 

or a similar inaUnial, and t lu' mark(‘t pric(' of tlu' sulfat.(‘ obtaiiu'd 
is so low that; a good shares of tlu^ labor, mat.('rial, and (‘xp('ns(' 
costs of the pr()C(\ss must bo charge'd against tlu' acid its(df. * 

Mor('ov<'i‘, its gn'ator chemical activity and tlu' gn^atc'r solubility 
of its salt.s complicates th(^ apparatus j)robl(‘m for any industry 
using it;, sinc(i there is no availabki comnu'rcial nu't.al of nuisoiiabh' 

1 IlmtsHMAN, P. lb, U. S. Pat. 1,210,570, S('p(. IS, 1017. 

^IVIiTcnm.L, T. A., U. S. Pat. 1,()2S,171, May 10, 1027. 

Down.s, W. P., Eh</. Mitiitu/ J 107, .‘tSS (1010). ' 

' Pox, J. P., U. S. Pal. 1,217,132, P(‘b. 27, 1017. ^ 

Bi.oiaui, 10. aii<l 'I\ MelN'rosii, U. S. Pal. 1,211,001, P(!l). 0. 1017. 

'Mhtoss, lb, P. S. Pal. 1,301,30-1, Apr. 22, 1010. 
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price which has an adequate resistance to solution by this acid. 
Acid-proof brick, stoneware, rubber, and for the very dilut<' 
solutions, wood, are materials of construction which introduce' 
both expense and difficulty into a chemical process. Tlu' 
gaseous nature of the acid and the fuming of its strong solutions 
complicate the corrosion problem. 

On the other hand, the peculiar solubility relations of tlu^ 
chlorides in the presence of an excess of the acid, and the fact 
that when its salts are decomposed by heat the acid itself is not 
decomposed and may be readily and quite completely recovered 
from even dilute gaseous mixtures, give it certain compensating 
advantages over sulfuric acid. 

Bauxite, clay, etc., are generally very readily attacked by 
hydrochloric acid, although it has been recommended' to cahiiiK^ 
them first, particularly'^ in an oxidizing atmosplK'n' or in Mh^ 
presence of an oxidizing agent. A preliminary h(‘ating with a 
small amount of sodium carbonate'^ and a pndiminary tix'at.numl, 
with sulfuric acid'' also have been recommended. L(\ss silica is 
said to be dissolved^ if the acid concentrati{)n in the solution is 
kept moderately low, fresh acid being added as the iniiu'ral is 
dissolved. 

The relative insolubility of aluminum chlorides in a coihmmi- 
trated hydrochloric acid solution permit,s a fairly (^omph'ln 
separation of aluminum from iron and sona^ ot Ik'i* imf)uriti('s. 
By passing the gas into tiu^ impure solution/' tlu' hydra,(( m| 
crystalline aluminum chloride* is naidily pr(‘(n‘pita,t(‘(l. Tin* iron 
should be in the ferric condit,i()n.^ 

Blanc makes use of the fact that if larg(‘ amounts of alkali 
chlorides are present, as will Ik* the ca,s(‘ in solulions of han'ilc 
or similar potash4)oaring rocks, tin* greater pa,rt of I la* aika.Ii 
chloride may be removed in a substantially pun* slal(' by fra,(s- 

U.AUD, E., Br. Pat. IS,02.5 (1009), Nov. IS, 

MluuNEn, J. M. A., Kr. Pat. .5S7,109, Apr. [ I, 1025. 

Le Vehhieu ami Miniot, Pr. Pal. 21 I,,ys2, ,)an. 21, iSOa, 

'‘Gooch, F. A., U. S. Pats, r).ys,72.5; 5,5S,72(), Apr. 21, isoii. 

HBordani, P., U. S. Pal. l,10(),2l)l, S, 1021; Fr. Pn,l. .110, 712 , 

July 17, 1022; G(‘r. Pat. •i2{),s;i2, I\lar. 20, 1020. 

'■•Gladysz, T., G{‘r. Pat. 21,1.^)1, EB. issS. 

Gooch, F. A., U. S. Pats. r),5S,72.^); 5.5S,72l), Apr. 21, isoi; 

S.^LZWEUK HEii.iHtoN, K. S('iiMn)T, l\. Ip.oK, (Icr. Pa.l 1;V) 17 » F,B 
S, I02S. 

' Bhhnel, J. JM. a., Fr. Pat. -WPOO, Apr. 1 1, 1025. 
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i/ional cryntallization' before ilie aluaiinuin chloride Ls precipi¬ 
tated. If this precipitation with hydrochloric acid takes place 
at 70°C., the rest of the alkali chloride remains in solution. 
The Blanc process, outlined in Fig. 42, has been applied semi- 



-rj. of lilnnc liMicild* proct'SH foi- prodiiciiiu ;iliiniiii;i. 


comnu'rcially l-o r(‘(U)V(‘ry of pol.assiuni cliloridi' and alumina 
Irom th(‘ (‘xl.('nsiv(‘ l(Micit(‘ (h'fxisitnS in th(' iKU^'lihorhood of H.om(‘ 
and Naf)l(‘s. Thi^ g'angue in this on' is inaKni'tic and can 
r('mov(‘(l by a- magiu'f ic s('parator. Baron Blanc has found tliat 

' Hlan(’, (J. a., U. S. Pat. l,()r)(),7(.)0, Jan. 17, PJ2S; Hr. Pat. L7{>,770, 
Sejit. 7, 1022; Fr. Pat. 5*17,023, Dvr. 2S, 1022; Cvr. Pats. 301,050, Oct. 20, 
1022; 370,511, Au^. 21, 1023; Norw. Pat. 3K,()55, Oct. 15, 1023. 
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if the leaching with hydrochloric acid is carried out by percolation 
without disturbing the porous mass, the silica will rcunain in 
place when the solution is drawn off (see p. 185). The commer¬ 
cial possibilities of the process depend upon the recovery of 
potassium chloride as well as alumina. Nitric acid may be 
employed instead of hydrochloric acid for leaching the leucite. 
Several rather complete descriptions of the leucite process^ have 
been given in the various technical journals and the reader is 
referred to them for further information. Parravano^ has 
discussed the recovery of alumina and potash from leucite from 
the physicochemical point of view. He has given, in this article, 
a very interesting series of data on the solubility relations in 
solutions of hydrochloric acid, aluminum chloride, and potassium 
chloride. Malquori^ has investigated the systems involving th(^ 
products obtained by treating leucite with hydrochloric or nit-rie 
acids. 

The hydrochloric acid required for extraction may be ol^taincui 
by calcination of the previously prepared aluminuiTi chlorich', ' 
and the precipitated salt may be washed in a conccmt-ratcMl 
solution of aluminum chloride or hydrochloric acid. Tlu^ last 
traces of hydrochloric acid may be removed from tlu^ crystals 
by washing with a basic aluminum chloride solution,*’ which can 
be made by dissolving alumina in aluminum chl()rid(‘.‘' 

To avoid the diflicultios involved in liandling a,nd absorbing siu^h a 
large amount of liydro(;hlori(; a(ad gas, \'aj'ioiis inv(‘nl.<)?*s r(‘connn(‘n(] 

^ Blanc, G. A., Aiii II congrcHm naz, chim. pura np/L'rala, 130S- 
1405; Atti ayngreaso naz. chim. ituL (li)‘24), 110 ISO; (Horn. rhnn. ind. 
applicata 7, 3-12 (1924); FitYDnuNnini, J. 11., Rcr. prod. ('him. 28, ‘217 222 
fl925); Hinciiley, J. W., Uhem. Ind. 43, I5S HiS (H)2-l); Pomilio, U., 
(dilm. ind. 7, 425-437 (1922); TiroiissEi.L, T., 7j. nngcir. ('hmu. 39, 159.3 
1,597 (1926). 

“ PARIIAVANO, N., (Horn. chim. ind. oppiundo, 10, 501 (192S). 

Malquoiu, (b, Uazz. chim. iloL 67, ()()1~()()() (1927). 

' HbejANAS Hh.lesholms Aktiehoeacj, IbS. I’aL 1,103,061, Jan. 10, 1922; 
Br. Pats. 153,.500, Nov. U, 1920; 159,0S6, I'Vb. 21, 1921; 217,.5(>S, May M, 
1925; Fr. Pats. 50S,799; ,503,SOO, Oct. ‘22, 19‘20; .5S.5,7(j9, Mar. (), 19‘25; 
Dan. Pat. 27,0.53, Dee, 27, 19‘20; (Wv. I^U. .3.39,733, Aug. II, 1921; Norw. 
Pat. 32,.547, June ‘27, 1921; SweO. Pals. 51,5‘2(), Apr. 26, 1922; 59,36.5, 
Nov. 17, 1925; 62,.531, Mar. 15, 19‘27; Swiss Pals. 3(i,31.5, Oct. 1, 1920; 
36,846, Oct. 16, 19‘20; Sieuhin, S. F., U. S. Pal. 1,701,510, I'Vb, 12, 1929. 

® Howard, li., IJ. S. Pat. 1,430,419, Sept. 26, 1922. 

®Loewig, F., Br. Pat. 1,44 1 (1379). api)lie(l for Apr. 10, 1379. Void. 




ACID PROCESSES FOR EXTRACTION OF ALUMINA 225 


simple crystallization of the aluminum chloride from the solution.^ 
The resulting crystals may be washed with hydrochloric acid/'^ preferably 
saturated with aluminum chloride/’’ in order to remove impurities. Iron 
may be removed (probably only in part) from this solution by treatment 
with pure alumina/ The same reaction is recommended’' for purifying 
the original hydrochloric acid solution, by using an excess, of the alu¬ 
minous mineral during the solution process. Elsewhere’’ the addition 
of alumina is used to precipitate a basic aluminum chloride. It has 
also been proposed'^ to remove iron from the neutralized chloride 
solution by electrolysis. 

In an early English patent,’’ the iron is reduced to the ferrous state 
and the alumina is precipitated out of tliis solution by the addition 
of alkaline earth carbonate. After reducing the iron, the solution may 
be evap()rated and the dried salts heated to 3{)0°O. in a reducing atmos- 
]diere containing moisture.’’ It is stated that the aluminum chloride is 
decomposed and rendered insoluble, while the ferrous chloride remains 
in a soluble form. If the iron is not reduced, it is stated’’’that on heating 
the mixed chlorides, the ferric chloride is decioinposed, while the alumi¬ 
num chloride roma.ins in a water-soluble form, (liraud” hoa,ts tlui 
mixed chlorides of aluminum and iron so as to vohitilize them ajid passes 
the vapor over iron (ilings. The ferric chloride is rediuicd to ferrous 
(diloride, whi(di is less volatile than the aluminum chloride, and therefore 
remains behind. Obviously this reaction (tould only be applied to a 
mixture of the anhydrous chlorides, since the hydrated chlorides 

’Gioudani, F., Tb S. Pat. I,-106,‘204, June 3, 1924; Fr. Pat. 040,713, 
July 17, 192‘2; G(u-. Pat. 4‘20,S32, Mar. ‘20, 1920. 

^ Si’UOKnTmt, IL, and F. JIossticutscueii, G('r. Pat. 442,9()7, Apr. 11, 
19‘27. 

■' SiuooKirruH, H., G. ]\I iiN(Mi, and F, ItossTUirTsciiuii, U.S. I^at.. l,r)t9,SS0, 
Dec. 10, 19‘24; Hr. Pat. ‘200,003, Oct. IS, 19‘23; Fr. Pat. 009,170, Apr. 12, 
1921; G(‘r. Pat. 114,l‘2S, Juiu^ ‘20, 1920; Norw, Pat. 4(),3S(), I)nc,. 1, 1921; 
Svv(‘d. Pal. 07,129, Sept. 11, 1924; Swiss Pat. 101,397, Nov. 1, 19‘23. 

Ghum. Fah. Gin us.-1*1luk., Hr, Pat. 2 10,S3 1, May 13, 1920; Norw. Pat. 
13,1 11, Oct. 11, 19‘20. 

PumoMONTU, A., U. S. Pat. 1,190,021, Apr. S, 1924; Fr. Pal. 017,S(>2 
Dec. ‘27, 1922; Add. Pat. ‘20,307, Nov. 13, 1923; Swi.ss Pat, 101,012, Oct. 1, 
19‘23. 

“Lauii, Fr. I'at. 2‘20,790, Apr. S, 1S9‘2. 

PoMiLio, U. and F. Giohdani, U. S. Pats. pOOt/OU, Oct. 0, 1920; 
1,009,179, Oc.t. 27, 19‘20. 

” Hjoii AKDSON, II., Hr. Pat,. S,3S2 tlSSO), appli(‘d lor July 11, iSSo. 

•OhiuM. Fah. GiUHS.-Ph.KK., Hr. Pal. 211,ISl, Maw 13, 1920; G(*r. Pat. 
307,900, S(^pt. 4, 1922. Sphc'Khthr, II., lb S. I’at. 1,072,7SS, Jiin(‘0, 192S. 
I. G. Pb'MtHHNrNoirsTiuH, A.-G., Norw. Jbit. 44,009, May 30, 1927. 

Nouhh, a., Hr. Pat.. 2,130 (1S02), api)li(‘d for July 2S, 1S02. S(a‘also 
Hart, E., U. S. Pat. 1,323,‘2‘2S, Nov. ‘20, 19‘20. 

Giraud, H., Fr. Pat. 0S4,‘244, Fel). 2, 1920, 
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hydrolyze and decompose instead of volatilizing on heating. It has 
been proposed^ to separate the resulting oxides by differences in specific 
gravity or other means. Lime may be removed^ before evaporating as 
sulphate or sulphite. 

If the double chloride of sodium and aluminum be heated in steaiir’^ 
to a sufficient temperature, the acid is given off and soluble sodiuni 
aluminate formed. It has been proposed^ to perform the evaporation 
in a special furnace whose lining may be transferred to the calciner 
with the dried salt. 

After the pure aluminum chloride has been obtained, it may be 
converted into alumina by any of the precipitation methods discussed 
in connection with the sulfuric acid processes. In gcmeral, however, 
it appears to be preferable to decompose the hydratcvl salt by (cal¬ 
cination and thus recover the acid for rouse in the pnxeess.^’ By (cal¬ 
cining at a lower temperature and removing the remaining (chloriiKc 
f)y means of an, alkaline substance, alumina more readily soluble in an 
acid is obtained.Hydrochloric acid vapors also can Ixc us(mI for tine 
manufacture of chlorine.' 

Pure ahimimim sulfate may bo produced and the hydro(chh)ri(c a.(ci(l 
rccccovered by tneating the aluminum chloride (crystals with con(acntra.t(c(l 
sulfuric acid.'^^ it is alleged that the chloride may be (conv(U’t(‘d into 
fluorid(c by heating at .SOO to 4()(PCb with liydrofluoric a(ci(l.‘’ 'Tluc 
eonvtu’sion of tluc sulfah^ into tlie chlori(l(‘ by nu'tatiKcsis with salt and 
<*rystallizing out the sodium sulfa.t(‘ has !ilso be(Mi recommemhed. 

HYDROFLUORIC ACID PROCESSES 

Pb(‘ (acl (lull hydrofluoile acid amd eerlaj'n flu(u*i(l(‘s aKjuck 
sili(ca. has hal numerous inveidoi's lo j)n>|)os(‘ (h('ii’ us(‘ in (‘xlriucl- 
ing alumimi from ils orc's, pari i(cubirly siliccalcs. II, is to Ixc 
noled, !iow(‘\a‘r, Ibal a,sid(‘ from lb(‘ (‘xj)('nsiv(‘ na,tur(‘ of Mu' 
acid and ils s(‘rioiisly injurious physiologic-al (cfieicts, tluc faict 
tlia,t i( a( ducks tlu' sibdea malu's i{, losic oiuc of tluc cchiih’ a,(lvantag('s 
of llu‘ a(‘i(l pro(c(‘ss(‘s. Sin(C(', howccvicr, tluc aluminum industry 
us('s hu*g(‘ (|uantiti(cs of mat(‘rials cimtaiiiiiig aluininuin fluoridic 
' bADU, B., Br. Pat. IS,1)2.^) ( !<)()<)) Nov. IK, 1000. 

•’ Buuiott, a. T., 11. S. Pat. 1 ,;r27,r)a(), Jan. (), 1020. 

=* Vn<jstu()m, b., acd A. It. biNDiu.Ai), Swxxb Vtii. 11,110, Aug. 0, lOlO. 
nVKneoRi), It,, Hr. Pa,t. LIS,412, Aug. 10, lObS. 

LSimu’kmtuh, lb and K ( M,Aiuuiim, Chn-. Pat. IKK,T IT), 1 ){h*. 21, 1020; 
a,(hlitiou lo -1 M, 12K. 

Maiuiiiu(!, B. (t, id ltossTm!TS(aimt, (}(‘r. Jhit. 402,107, Nov. 11, 1027. 

' WnuKoiu), It., Ih'. Pal. LKO, 10 1, .July 2K, 1019. 

■'('iiKM. Bax. ( (ler. Pat. 121,120, .hm. IS, 1020). 

bn and Minkt, Br. Pat. 21 1,0K2, Jan. 21, l-KOO 

(uNDBi-Ai), A. H. and (t 11. IleL'i'MAN, Swed. Pnl. O'bOOl, Bch 7, 1020 
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(cryolite, chiolitc, aluminum fluoride, etc., see Chap. Vlll), these 
processes have a certain interest as offering possibilities for the 
economical manufacture of such materials, although there is 
probably no chance that they could be economically used for 
the manufacture of alumina itself. 

One of the most serious difficulties in connection with such 
processes is the peculiarity of aluminum fluoride, by virtue 
of which it may be deposited out of aqueous solutions as an 
insoluble crystalline hydrate, probably Al2F«.7H20. This depo¬ 
sition takes place whenever the solution is heated, the rate being 
dependent on temperature, acidity, and perhaps other factors. 
Obviously, in most processes of attacking aluminum ores with 
hydrofluoric acid or fluorides, there will be more or k^ss of this 
salt precipitated and, therefore, more or less loss of both fluorines 
and alumina in the mud of the undissolved silica, etc., which 
is filtered off. In fact, this fluorine loss is one of the principal 
reasons for the lack of practical success of some of tlu^se proc¬ 
esses. The addition of small amounts of hydrofluoric acid 
in connection with other acid processes has been or will be 
discussed in connection with such processes, so tliat tliis section 
will (k^al only with processes of attacking ores by either hydro¬ 
fluoric acid or soluble fluorides. 

('lay or kaolin, ])referal)ly calcined at a low tein]Ka’atnre, ren,cts 
n^adily with hydrofluoric acid or hydrolluosilicic acid to form substan¬ 
tially luuitral ahiiniiiiini fluoride solutions.’ Jf an ('xc.(‘ss of clay is 
us(‘(l, th(‘ silica is larg(‘ly left in an ins{)lul)l(i and sonu'what granular 
form. It also has Ixani reconinKMided- to treat tiu^ moist clay with 
hydrofluori(^ ac,id or silic()n t(‘trafluorid{‘, to form lirst an acid solution 
and, ultiniat('ly, a lu'utral solution of aluininuni fluoride*, tln^ {'xcess of 
cL'iy pi‘(‘ci|)itating out iron and silica. An ali'(‘rnati\(* procedure* 
e)r the* sanu^ iina'ute)!* c.e)nsist,(‘d in cakuning lomlin with a. ce)nsi(l(‘ral)le* 
amount n\‘ aluminum lluoi’hh^ se) as te) ve)latilize* the* silica. Hauxito 

iAokiohmann, \V., U. S. Pat. r){)S,7fl(j, Ne)V. 11, ISUiq Hr. Pat. lo.OSS 
(IS!)2} .Iiine^ 2-1, ISPiq (l(*r. Pat. June* 20, IStKp Ne)r\\. Pal. 2,1)00, 

aj)plie*el for Aug. 20, IS1)2; Sw(‘el. Pat. ‘1,1SI, Se'j)l. 2, ISOO. 

K(iT(}mtswuuKio, A.-(l., anel J. Domanskv, Hr. Pat. 201, iSo tVoitl), 
applie*d fe)!* May 10, 1020; Pr. i^it. 7)07, 700, Nov. 2S, L02r>; Ne)r\v. l‘al. 
•11,07)7, May 00, 1027. 

Mlim.ns, D. IL, V. S. Pats. 1,000,47)0; 1,000,451, Aug. 2{), 10P2. Se-e* 
alse) Mel. Chan. Etuj., 11, 201 (lOlO); Yamazaki, Z., M. ^’asuda, 4\ 
TafvAMAT sn, Jap. Pat. 4l,S07, Pe*)). IS, 1022; {C. .4. 18, 44S (l024j). 
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may also be dissolved by hydrofluoric acid^ and the solution treated 
in a similar way. 

Doremus has done a good deal of experimental and semi-conimcn3ial 
scale work on fluoride processes for extracting alumina from clay, 
feldspar, etc.^*^ After a preliminary roast at about 540°C., the ore 
was attacked with 10 per cent hydrofluoric acid and potash, if i)reseiit, 
was separated as the insoluble fluosilicate. An excess of clay was used 
to precipitate silica from the aluminum fluoride solution and, after 
filtration, the aluminum fluoride was precipitated by heating the neutral 
solution under pressure in a digester.^ The aluminum fluoride was to 
be decomposed by sulfuric acid in order to recover the fluorine, but 
unfortunately experiment shows that it is very difficult to carry out 
this reaction. It was later proposed to decompose the fluori<le by 
feeding it into a flame of burning oil or gas, collect th(3 alumina powd(‘r 
by settling, and scrub out the hydrofluoric acid gas from tlu^ products 
of combustion. Installation ex])enses and fluorine loss(\s would 
undoubtedly make this impractical. 

Hydrofluosilic acid was originally rccommendcMl by Le (’hat(ffi(nV‘ 
who made it by passing steam over a highly heahul mixtun^ of lhiors])ar 
and silica and used it to attack clay to form sohibh^ aluminum fluo¬ 
silicate. By double decomposition with sodimn chloridi^ solution, 
there were produced insoluble sodium fluosilicate and an jdiiminum 
chloride solution, which was treated witli excjcss of (caustic, soda to form 
sodium aluminate. Alumina was recov(W(‘d from this in tla^ usua.1 way. 
Ciibbs*’ likewise attacked clay with hydrofluoric acid but pr()pos(‘d to 
recover the fiuorine by trciating tlw n^sultiiig fluosi!i{^a.t(‘s wifJi sulfuih^ 
acid. KenB formed aluminum fluosili(!a,t{^ from clay and hydrofluoric^ 
acid. 

It has also been ])ropos(‘(I^ to attack feldsjiar with solutions of th(‘ 
fluosilicates of ahnninuni, sodium or a,mmonium, so a,s to prodiuu^ 
potassium fluosilicate which may bcj extract'd from the' j’c'sidiu' with 
hot water. 

Betts’* boils kaolin, (d,c., with a solution of ajiimoniuiu fliKumh', am¬ 
monia being given off and (u)lle(!t(ul. It was alh'gc'd that aluminum 

iQin, G., Aust. Pat. l(),3()r), May 2,5, IhO I. 

^Douemus, G. a., U. H. Pats. l,(),5-l,,51S, Kcb. 2.5, 1,227,1SS, Au/r. 

21, 1917; 1,391,172, Sept. 20, 1921; Kr. Pat. ,500,392, Aug. 20, 1920. 

See also McIluinev, P. (',, U. S. P.at. 1,0S3,()!)1, .Oui. (i, 19i I. 

^ Doremus, G. A., U. S. Pat. I,110,(i7.5, Sept. 1.5, 1911. 

•Gao Ghateijer, Hr. Pat. 113 (1S.5S), applied for Miir. 2, ISaS. 

GhBHS, \V. T., U. S. Pat. 772,0.57, Oet. IS, 19()I; G<>r. I»nt. 17.3,902, 
.Inly 20, 1900, 

' Kern, E. E., U. S. Pat. 903,1.5(h .inly .5, 1910. 

Bl.ackmoke, H. S., U. S. Pat. l,3,5.5,,3Sl, Oet. 12, 1920. 

•* Betts, A. (}., U. S. Pat. 1,300,110, Apr. S, 1919. 
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fluoride would form and go into solution, from which alumina could be 
precipitated by adding ammonia after cooling. Unfortunately, labora¬ 
tory tests show that, as would be expected, it is silica rather than alumina 
which goes into solution in this reaction. This solubility of silica in 
ammonium fluoride is used by McClenahan^ to extract silica from 
silicates, leaving potassium fluosilicate and the insoluble aluminum 
hydrate to be treated chemically by other reagents. The excess of 
silica is precipitated from the ammonium fluosilicate solution by the 
ammonia which was given off during the boiling process. On heating 
the insoluble residues to 300 to 400°C. in the presence of steam, the 
aluminum ammonium fluorides are decomposed and ammonium fluoride 
recovered. Potassium fluosilicate may remain with the alumina and its 
fluorine be recovered by treatment with sulfuric acid, or it may be 
vaporized with the ammonium salts. 

In recent foreign patents granted to Heglem-Svendsen''^ the dried 
aluminous material, such as feldspar, is heated with an ammonium 
fluoride solution at 34 to 100°C. Ammonia escapes and the bifluoride 
of ammonium decomposes the clay. This mixture is evaporated and 
heated to al^out 300°C. to drive off the volatile fluorides of silicon, 
ammonium, titanium, and vanadium. The remaining fluorides are 
heated at 400 to r)00°C. in the presence of a reducing gas to reduce iron 
and remove the last of the volatile fluorides. The material is then 
heated with a mixture of dry hydrochloric acid and ammonia gas (free 
from oxygon and carbon dioxide). The volatile chlorides of ammonium 
and aluminum are separated by fractional condensation and the alu¬ 
minum chloride heated with moisture to form alumina and hydrochloric 
acid. Silica gel and j^otassium chloride are by-})ro(lu(!ts of a v(n*y 
complicat(Ml pro(^('ss and in order to pay for the (evaporation of solutions 
and dry distillations, the by-products would have to command a fancy 
pric(e. 

Donomis’ ])roc(‘ss of n‘c.()V(‘ring aluminum fluoridee from soluUons 
by converting it int.o an insolubh' form by (lig(\sti()n muha’ pn^ssun^ 
lit (‘l('va,t(Ml t-(Mni)('ra.tur{‘s luis alrc'ady Ihhmi nuaiiioiKul. iMilligam'^ 
(inds tbat a. gra,nular aluniinmn (hioimb^ which is (aisy to iilba* (^an b(i 
pr(‘cipita.t{‘d at t(Mnp(‘ratur(‘s b(‘low tlu' boiling point if tlu^ solution 
is projXM’ly acidilicsl witJi hydi-ofluoric acid. Ack(‘rmann^ had pn‘- 
viously ])r{)pos(Ml to crysl.a!liz(^ aluminum lluori(h‘ fappanmtly on(‘ of tla^ 

' M<’('nUNAn.'\N, F. M., Ih S. Pal.s. 1,1‘2(),S<)(); .Vug. 22, 1!)22. 

“ Si'ainuM-SvKNDSKN', S., Hr. Pa,(. 27i),r)1.9, 27, P,)2S; Norw. Pat. 

45,918, I)(a*. 31, 11)2S; hr. Pa,l. t)13,9Sl, Sept. 29, 1 92S. 

b. II., U. S. Pal. 1,1()3,1S3, .ban. 10, 1922. 

■'A(’KniiM.‘\NN, W'., n. S. Pal. 513,971, 109). 0, 1891; Danish Pal. 2«), 
Apr. 22, 18i)5; (aM*. Pal. 70,155, .July 3, 18!)3; Norw. Pat. 2,‘)5 1, applied for 
Doc. 10, 1892; Sw(ul. Pa,t.. ■1,988, S('pt. 2, 1893, 
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soluble forms) from solution after reducing the iron to the 
ferrous state. Mellen^ proposes to precipitate aluminum fluoride from 
a sodium and aluminum sulfate solution by means of sodium fiuoritI(\ 
The whole question of the different hydrates of aluminum fluoride, 
their relationship to one another, and their solubility has been studied 
by Tosterud.2 

The aluminum fluoride obtained may be decomposed by siii)erheate(l 
steam'’ in retorts. It also has been proposed to add this to the fused 
fluoride bath (used in producing aluminum) in the presence of steam 
and recover the hydrofluoric acid.‘‘ This is, of course, quite iminactical. 
The addition of lime and caustic soda to precipitate insoluble fluoride, 
and the conversion of the alumina to sodium aliimiuate also have 
been proposed.*' Of course, the solution may be converted into artifl(;iM,l 
cryolite by the addition of alkali fluorides,” after which tre^atnumt- 
with water and liinc^ will give a pure calcium fluoride a,nd a soluI)l(^ 
alkali aluminatc, as in early proce.sses of manufacturing soda and 
alumina from natural cryolite. 

NITRIC ACID PROCESSES 

The recent developments in the field of fixation of atinosplKu-ie 
nitrogen, by which synthetic nitric acid is cheaply prodiuanl 
and converted into nitrates for use as fertilizers, hav(^ (^‘Uis(m 1 
many inventors to work on nitric acid proc{\sses for (vxtraeling 
alumina from certain ores. In gen(u-al, only such on's would Ix^ 
attractive as contain other base metals which, in Mi(‘ pnxxvss of 
producing the alumina, could h(^ recov(‘n'd as nil nil (‘s suifa-bh^ for 
fertilizer purposes. Such iniiK'rals ar(^ primarily l.hos(‘ (Con¬ 
taining potash as well as alumina, smeh as [)ol.a,sh hddspar 
(orthoclase) and leucite. A good (had of work also luis Ixam 
done in Norway^ on tluc f(d(lsi)ars high in linuc, such a.s la-bra,(lori(-(', 
because of their abundance and tin* fact ( hat miuch ba.sic, (caJciuni 
nitrate has been comnu'rcially i)r()duc(‘(l in Norway and sold as a 
fertilizer. 

' Mellen, G., XI. H. Pdi. l,l()(),ldl, Nov. Hi, IDIT). 

“ Tosteiujd, M., J. Am . Uhcni . Nor., 48, 1 .5 (H)2()). 

'■’Douemus, (t A., U. S. Hilt. 7‘2r),{)S,‘k Apr. ‘21, IDOd; Hr. Hat. 11,02 1 
(15)03), Aug. 27, 15)03; Fr. Hat. 331,100, SepL 10, 15)03. 

McjIluiney, P. G., U. S. Pa,(,. 1,083,05)1, .lati, 0, 15)11. 

M>)Hemu.s, C. a., U. H. Pat. 1,215,351, K(‘l>. 13, 15)17. 

Betts, A. G., II. Pat. 1, 521,-172, .laru 27, 15)25. 

MIivieue, L., Fr. Pat. 35)0, US, Apr. 5), 15)05); l.sl .Add, 10,101, .\Iav 12 
15)05); 2iid .Add. 10,-151, duly 12, 15)05); 3rd A<ld. !0,,S0!), Od S, 15)0!). 

)()iu)S(’ii.MiDT, V. M,, 7’a/.s*. Kcnii, 16, 21 21 (15)1!)). 
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Like hydrochloric and hydrofluoric acids, nitric acid is generally 
more expensive than sulfuric acid; but unlike them, its salts on 
thermal decomposition.do not regenerate the free acid unchanged, 
as the acid is largely decomposed into oxides of nitrogen, which 
require rcoxidation to form nitric acid. The problem of recover¬ 
ing the acid from the aluminum nitrate, therefore, resembles 
to a certain extent the problem of recovering sulfuric acid from 
aluminum sulfate, although aluminum nitrate is decomposed 
at a relatively low temperature, and this simplifies the matter 
considerably. 

It is somewhat easier to obtain suitable materials of con¬ 
struction for nitric acid than for hydrochloric acid processes, 
since certain iron alloys resist nitric acid very well, and metallic 
aluminum itself is also very resistant if the acid is free from the 
halogens. However, the tendency of the acid to react with 
all wood or similar organic material to produce oxidized and 
dangerously inflammable compounds would complicate the 
operation of such a process to a certain extent. 

In general, the inilverized mineral is attacked by sim})ly heating 
it with diluted nitric acid. According to lialvorsend liowevcr, the 
decomposition of tlie clay may l)e facilitated by digesting the mixture 
of chiy and a(!id for 10 hours with 40 per cent nitric acid under a pressure 
of 4 atmosphen^s. If leucite is treated with a limited quantity of nitric 
a(ud, it is alleged that the ])otassiLim oxide goes into solution first, 
halving th(^ alumina undissolved,^ A second tn'jitmont with nitric 
acid dissolves this alumina. It also has becui proposed*’ to decompose 
laJ)radorit(^ a,nd similar rocks by heating tluan at 300 to OOO'^C. with 
th(‘ oxid(^s of nitrogem, in the })r(‘S(m(a^ of wat(‘r vapor. Solulde alkali 
nil.rat(‘s a,r<‘ forimsl and ih(‘ alumina is h'ft in a form in whi(^h it may Ix^ 
naidily dissohaal by a-cads. M(‘ntion also sliould Ix^ mad(‘ of an imj)ra(v 
tical proposal' to h(‘at nxl bauxites with air in tlu'. ])r(\s{mc(^ of alkali or 
alkaliiu' (airih carbona,t(‘s a,nd an oxidizable substaiux', smdi as ferrous 
sullidc', to form nitra-t(‘s. Twyna,in‘‘ treats aluminous slag with nitri(5 
a,eid and, afUn* hib'ring, adds linu' to pnHaj)itat(‘ calcium aluminab', 
whi(!h in turn is tnaiUxl with soda, to obtain sodium aluminate. 

' IlAi.voiiSEN, B. lb, Hr. Pal. 120,035, Mar. (i. 1019; Swed. Pal IS.OOt), 
P(‘i). 23, 1921. 

^ Norsk IIyduo-Pukk. KvAion,, Pr. Pal. 529,570, J)(‘(*,. 1, 1921. 

" (loLDSfMiMiiyr, V. M. and O. Havnur, U. S. Pal. l,302,.S52, May 0, 
1919; Br. Ihit. 113,27S, Jan. 23, 1919; (ler. Pal. 339,H19, Aug. 12, 1921; 
Norw. Pal. 30,323, Jum‘ 21, 1920; Swed. Pal. 10,925. May 5, 1920. 

Ma-iCKHNU, N., Fr. Pal. 137,397, Apr. 19, 1912. 

'''Ihv^NAM, T., Br. ViiL 20,253 (1911) S{'pl. 9, 1915, 
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As in the other acid processes, the elimination of iron has been 
attempted in a variety of ways. It is claimed^ that if bauxite or clay 
be first heated to about 500°C. in a reducing atmosphere, the solubility 
of the alumina in nitric acid is increased, while the iron (n'duced to 
Fe 304 ) becomes practically insoluble. In the case of labradorih', 
the same inventors*'^ first treat the mineral with the acid in a counh'r- 
cuiTent scheme which gives them a neutral solution low in iron and 
silica, and then remove the remaining iron from the solution by adding 
alumina or potassium ferrocyanide or both, and holding the solution 
at 40°C. for some time. The iron precipitate carries down any colloidal 
silica which may be present. A pressure digest with an excess of 
alumina is said to precipitate the iron.^ 

MejdelH removes iron from an aluminum nitrate solution by first 
treating it with enough calcium carbonate to change at least 2 per cent 
of the contained alumina into a soluble basic compound. Ferric oxid(^, 
made by decomposing ferric nitrate at 400‘^C., is added as ii catalyst 
and the solution is held at 80°C. for some time. Ifiuhir j^roptu* con¬ 
ditions, all of the iron precipitates in a form that is easy to lilt(u-, but 
if too much of the acid has been neutralized, the iron i)recipitat(is too 
rapidly and is difficult to filter. The catalytic propertu^s of tlu^ fenffii 
oxide are injured if it is heated to a temperature as high as (>()0°(b 
After the iron has been removed, alumina, ammonia, or more limestom^ 
may be added to precipitate the alumina.® 

Separation by crystallization has also been proposed. M(dtlell and 
Ravner® make the solution basic by adding alumina or linu^ until tlu' 
iron nearly precipitates. By pouring a warm saturated solution into 
a cold saturated solution, small aluminum nitrate crystals an* pr(MU])i~ 

^Goldschmidt, V. M. and 0. liAVNua, U. S. I^iL l,8r)7,()S0, Oei. 2(b 
1920; Br. Pat. 122,623, Hept. 11, 1919; Fr. Pai. 193,SOI, Aug. 22, 1919; 
Ger. Pat. 339,211, July 16, 1921; Norw. Pat. 30,997, Aug. 10, 1920; SwumL 
Pat. 49,600, July 13, 1921. 

^Goldschmidt, V. M. and 0. Ravnuii, U. S. Pat. 1,113,720, Apr. 25, 
1922; Br. Pat. 125,578, Dec. 18, 1919; Fr. Pat. 520,988, July 5, 1921; 
Norw. Pat. 31,117, H(‘pt. 27, 1920; 8w(uL Pat. ‘18,661, M,M.r, 2, 1921. 

^ Conway VON Gihsiowald, F., and R. Kaisku, G(‘r. Pat. 151,117, Oe.t. 
21, 1927; Buciinkr, M., Br. Pat. 282,772, Dvr.. 21, 1926. 

T., U. S. Pat. 1,421,804, July 1, 1922; Br. Pat. 139,-170, 
Mar. 10, 1921; Fr. Pat. 510,426, Dee. 4, 1920; G(‘r. Pat. 355,850, July 8, 
1922; Norw. Pats. 31,797, Feb. 21, 1921; 32,191, June 20, 1921; Sw(‘(l. 
Pat. 51,459, Apr. 19, 1922. 

® Norsk Hydho-Fliok. Kvamls., Norw. l*at. ‘15,196, May 29, 1928. 

ME.fDELL, T. and O. Uavneii, U. 8. Pat. 1,575,631, Mar. 9, 1926; Fr. 
Pat. 548,035, Dw. 30, 1922; Norw. Fat. 36,430, Jau. 2, 1923; Sw(‘d Pat. 
55,767, Dec. 28. 1923, 
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tated which are free from iron. An alternative process^ used with 
leucite and similar materials, involves crystallizing potassium and 
aluminum nitrates from a basic solution and recrystallization in the 
same type of solution. 

Having removed as much as p()Ssil)lo of the iron, we are faced with 
the problem of satisfactorily separating alumina from the nitrates of 
potassium, sodium, calcium, etc., which also may ])c present. Appar- 
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A solution containing nitrates of potassium and aluminum may be 
partially separated by fractional crystallization, ^ nearly pure potassium 
nitrate crystallizing out at first. The mixture of potassium and alu¬ 
minum nitrates, which is later produced, may be separated by trc^atimud. 
with strong nitric acid, in which potassium nitrate is solubh^ but idu- 
minum nitrate substantially insoluble. The acid used for this ])urp()S{‘ 
is then diluted and employed in digesting a fresh solution of huunb'. 
The insolubility of aluminum nitrate in 60 per cent nitric acad also liiis 
been used to precipitate aluminum nitrate from a conccmtnibul solution 
obtained by treating leucite with nitric acid.*-^ M illigan-* has debu’iniiH^d 
the solubility of aluminum nitrate in varit)us strengths of nitric a(ud. 

Aluminum nitrate may be converted into alumina and oxides of 
nitrogen by heating.^ If a mixture of aluminum nitrab^ and nitrab^s 
of the alkali or alkaline earth metals is heated, the aluminum nitrab^ 
is decomposed first, at about 300°C.,leaving tlui alumiiui in a form 
which is easy to filter; after which the mass is extracbMl with wa,b‘r and 
filtered to remove unchanged alkali and alkaliiu^ earth nitrab'S. Ibu*ric, 
nitrate may be decomposed b}'" a preliminary heating at about ir)()°(h, 
but aluminum nitrate starts to decompose at I4()°(t, so that tiu' iron 
oxide will contain some alumina. The necessity of dissolving tlu^ 
mass in water, filtering, and reevaporating would make this nud/hod of 
removing iron rather expensive. If the mixture is lu'abHl to 3()()‘^(k, 
both iron oxide and alumina are formed and may Ix^ sepaivibul by 
^‘the action of an acid which dissolves the combined iron but do('S not 
affect the aluminum oxide. 

Later patents^ recommend that the mixed salts Ix^ luxiied to •lOO'^Ck 
in order to insure complete decomposition of tlu^ aluminum nit,ra,b‘. 

iFalck, H. J., U. S. Pat. 1,667,968, May I, 19‘J.S; l^r. Pat. 230,016, .Inly 
23, 1925; Fr. Pat. 593,619, Aug. 2<S, 1925; Norw. Pat. 11,581, .July 0, 1925. 
Craig, T. J. I. and Peter Spence and Sons, Ltd., Hr. Pat,. 283,0S7, !)(>(•. 
29, 1927. 

^SocietI Italtana Potassa, Hr. Pat. 216,827, Dec. 9, 192(); Vv, l»at. 
602,276, Mar. 16, 1926; Norw. Pat. 44,418, Oct. 10, 1927; Swiss Pal. 
116,990, Oct. 1, 1926. 

3 Milligan, L. PL, J. Am. Chon. Soc., 44, r)()7 70 (U)22). 

'‘Norsk Hydro~Elek. Kvaei.., Fr. Pat. 529,.569, I)(‘c. 1, 1921. 
‘‘Goldschmidt, V. M. and O. Havner, IJ. S. Pat. 1,113,720, .\)»r 25, 
1922; Hr. Pat. 125,578, Dec. 18, 1919; Fr. Pal. 520,988, ,)uly 5, 1921; 
Norw. Pat. 31,117, Sept. 27, 1920; Swxxl. Pat. -18,(UU, Mjir, 2, 1921. 

6 Goldschmidt, H. J., U. S. Pat. 1,351,821, Ocl. 5, 1920; Hr. Pal. 1 13,270, 
June 13, 191S; Fr. Pat. 520,987, July 5, 1921; (k‘r. j^it. 339,983, 0(9. 7, 
1922; Norw. Pat. 29,275, Dec. 16, 1918; Sw(‘d. ]>at. 15,1 l(», Mmi’. 5. IDP.)’; 
Swiss Pat. 00,698, Sept. 16, 1921. 

See also MontecatinoFi’. Pat. 649,503, Dcxl 21, 1928. 

U'Ialvorsen, B. F., PL J. Falck, O. Ravneii, V. S. Pat. 1,052,119, Ikx*. 

9, 1927; Fr. Pat. 581,865, Dec. 8, 1924; Norw. Pat. 11,169, Apr. 0, 1925; 
Swed. Pat. 59,237, July 28, 1925. 
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The alkali nitrates are not decomposed at this temperature. By 
adding more potassium nitrate to the mixture/ the mass may be kept 
fluid and the formation of crusts avoided. This facilitates the mainte¬ 
nance of an oven temperature throughout the mass and, consequently, 
the complete separation of alumina and alkalies. The heating may be 
accomplished by making the material a resistor in an electric furnace. 

To prevent the mass from fusing, alumina may be added to the mass, 
which is then heated to 100 to 130°C. in the presence of ammonia or 
other suitable base^ and the alumina thus obtained in a form which 
is easy to filter. Part of the nitric acid may be recovered by distillation 
before the base is added. Crystals of aluminum nitrate without the 
potassium nitrate also may be decomposed by the action of ammonia 
gas.^ 

If the mixture of aluminum nitrate and alkali nitrate is calcined at 
higher temperatures, alkali aluminate is formed, but unless iron oxide 
be added,the mixture tends to stick to the sides of the calciner and 
it is difficult to get a good formation of the aluminate. By leaching, 
the aluminate may be separated from the iron oxide and the solution 
treated in the usual way. Calcined alumina also may be used similarly 
to prevent aluminum nitrate crystals from sticking to the sides of the 
furnace during calcination. 

A rec(mt British ]}at(mt^ states that aluminum nitrate can be advanta¬ 
geously tleconij>()se(l by heating in vacuo with the addition of water 
or st(^am. It is prefernMl to use a basic nitrate, since this salt can be 
crystallized practically Free from iron. 

N basic, cahnum aluminum nitrate may be precipitated in the form 
of co}orl(‘SS lUMHlh's by Inaiting a solution containing eahniim nitrates 
and nJuminiim nitrate with a certain amount of calcium oxichn” Basie 
nJiiminum nitra,te may b(^ crystallized out of a solution made with an 
('xc,(‘ss of fn'shly pnuiipitahul aluminum hydroxide dissolved in ()3 ])(‘r 
(■(uit nitric acid.*' 

Alumina aJso may lx; |)re(npitat(‘d from a nitrate solution by lu^arting 
with barium sulfide at LOO to 120°C.''’ 

1 IlAiwoitsEN, B. F., XT. 8. Pat. l.^OTSSf), May 20, 1024; Fr. Pat. .550,760, 
July 20, 1023; Norw. l*at. 30,120, 23, 102 1. 

“Norsk IIvDRo-tli.nK. Kvaki.., Norw. Pat.. 40,110, Nov. 3, 1024. 

nXLCK, H. J. and T. Mn.mni.i., U. S. Pat. 1,.507,003, Sept. 0, 1024. 
Fr. Pat. ,54S,034, !)(•(•. 30, 1022; Norw. Pat. 3S,053, Oct. 1.5, 1023. 

Norsk 11 ydro-Flkk. Kvakl., Fr. Pat. 535,73S, Apr. 20, 1022. 

Halvorskn, B. F. and O. U.avnur, U. S. Pat. 1,523,S07, Jan. 20, lt)25; 
Fr. Pat. 5.5(>,705, July 20, 1023; Norw. Pat. 33,052, Oc4. 15, 1023. 

“Norsk Hydro-PIukk. Kvakl., Fr. Pat. 550,570, S(‘.])t. IS, 1023. 

^ Bijou N 10 R, M., Br. Pat. 233,117, Aug. 30, 1028. 

” I. (}. FAUmoNiNDUSTRiK, A.-O., Cuu*. Pat. 443,503, May 2, 1027. 

“Finkiolstioin, H., Gv.v. Pal-. 444,517, May 21, 1027. 

i'* Davis, H. W., Jr., V. S. Pat. 1,.321,013, Nov. 1, 1010. 
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ELECTROTHERMAL AND MISCELLANEOUS FURNACE 
PROCESSES FOR THE PRODUCTION OF ALUMINA 

By 

Fkancis C. Frary, Junius D. Edwards and Ralph B, Mason 

In addition to the alumina processes involving digestion with 
an acid or alkali, there is a group in which the first and charac¬ 
teristic step involves the use of a high temperature^, gemerally 
in an electric furnace. In the simplest of th(\se pr()cess(\s, th(^ 
impurities are reduced to the metallic state and sc^paratc'd from 
the alumina; other processes convert the alumina int.o aluminum 
nitride, carbide, chloride, sulfide, etc. These furnace pr()C(‘ss(‘S 
will be discussed in the present chapter. 

“DRY PROCESS” ELECTROTHERMAL ALUMINA 

While the chemical methods heretofore d(^scrib(‘d, in so far 
as they have been successful, extract the alumina in acim'ous 
solution and might be said to aim primarily at- tli{‘ prodiu^tion 
of a pure aluminum salt solution, by ('xt.racking tlu^ alumina, 
from the ore and leaving most or all of tlu^ impurilh^s insoliibh^, 
the “dry process” proceeds in tlu^ ()i)posit<^ din'clion by naliicing 
the impurities to the metallic state and s(‘parating tlumi from tlu^ 
molten pure alumina. 

Aluminum Company of America Dry Process. 

The simplieity of the dry pr()e(*ss first. app(‘al('<l t.o ( duirh'S 
M. HalV and ho and his company (Pittsburgh IhalmHion 
Company) spent several y('ars and a large' sum of moiK'y in 

' Hall, C. M., V. S. Pats. 077,207; 077,208, Jiuh^ 20, 1001; Pr. Vii\. l.'l,r,72 
(lOOOj; Gcr. Pat. 130,003, Nov. -I, U)02; Ausl. I^il. 0083, Nov 20 lOOl- 
Norw. Pat. 10,181, Doc. 2, 1001. 

Hall, C. M., U. 8. Pat., 700,003, Aog. 12, 1002; Hr. Pal. 2200 (1002) 
Mar. 13, 1002; Fr. Pat. 318,171, Oct. 8, lt)02; Orr. Pat. 113,001, Scj)t. 7, 
1003; Aust. Pat. 12,804, Aug. 10, 1903; Norw. Pa.t. 11,180, .Jaii. *12, 1903- 
Swcd. Pat. 1(^913, .Ian. 9, 1904. 

Hall, (\ M., V. S. Pat. 077,200, .June 20, 1901. 
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unsuccessful pioruicr ati-einp(.s i-o coininercialize if. They wore, 
liowever, unable to secure a sufficiently compleio purilication 
of the alumina for commercial purposes, and also unable to make 
the fused alumina behave properly in the electrolytic cells, 
so they were compelled to abandon it. However, a quarter 
of a century later their successors (Aluminum Company of 
America) solved both of these problems and put the process 
into commercial operation.^ It is known that, in the interval, 
other aluminum companies had experimented with this process 
and in turn abandoned it, and although many other inventors 
had proposed modifications of Halhs original process and an 
extensive artificial abrasive industry (using fused alumina of 
94 to 98 per cent purity) had developed, no one had previously 
been able commercially to produce aluminum from dry process 
alumina. 

In the operation of the process, a mixture of ferruginous and 
siliceous bauxites, containing the proper proportions of iron, 
silicon, and titanium, is first sintered to remove water. There 
must be iron and silicon enough present to dissolve all the 
titanium after reduction and permit it to be tapped out as a 
ferrosilicon aluminum-titanium alloy. The sinter is then 
smelted in an electric furnace with the proper amount of coke 
to reduc(‘ all of the impurities and a little of the alumina. 

The purity of the molten alumina may be tested by thrusting 
an iron bar into the body of the fused mass and allowing the 
alumina coating thereon to freeze in th(^ air, wh(‘r(‘l)y tlu' surfac(‘ 
(‘xi)os('(l to tlie air acquirc's a color indicative of th(‘ j)urity of 
the alumina.“ A yellow color indicates about 1 per e(Mi(. t ita-nium, 

‘Fiiary, F. C., it. 8. Pat. 1,531,0,31, Apr. 21, 1025; Pul. 25(),13I, 
S, 1025; Fr. Pat. 000,MO, ,Jaii. 30, 1020; Ital. Pat. 2,3S,()7t>, July S, 
1025; Swiss Pat. 11.5,7-10, July 1, 1020. 

Ho Its I'M 10 LI), li T., Hr. Pat. 21S,300, Apr. 21, 1027; Fr. Pul.. 1)22,31.3, 
May 2S, 1027; Australian Pat. 1152, M, 102(). Bra/JI Put. ir),()S3, 

Nov. 13, 1020; Hr. (luiaua Pat. 100, July 3, 102t); ('an. Pat. 277,52(), ,Iun. 
n, i02S; Hung. Pat. 02,0-17, .Jan. 15, 1027; Indian Pat. 12,107, Jan. 21, 
1027; Ital. Pat. 2J0,.5O2, M.ar. 30, 1020; Jap. Put. 72,173, .June' 0, 1027; 
Mn.x. Pat. 25,730, Mar. 1, 1020; Itounian. Pat., 12,.5S3, ¥v.h. 22, li)20; 
-Ipan. Pats. 07,21-1-, 07,215, .Juno 10, 1020; Swiss Pat. 121,10.5, .luly 1, 
1027. 

IIoitsi'MELD, B. T., Hr. Pat. 202,405, .Ian. 10, 102S; Swiss Pat. 124,074, 
fan. 2, 102S; Span. Fat. 100,OSl, Mar. 2.5, 1027; Ital. Pat. 2.54,OSO, Aug. 
>2, 1027; Indian Pat. 12,70S, Aug. 2t), lt)27; Fr. Pat. 022,313; 1st Add. 
}2,5S1, Fob. 14, 1028. 

Gauhiel, L. W., U. S. Pat. 1,534,032, Apr. 21, 1025. 
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while a gray or black color indicaten satisfactory oliiiiinatioii 
of titanium, iron, and silica, since the compounds of th(‘ Iasi, 
two are more easily reduced. 

When 5 to 10 tons of molten purified alumirm, liav(‘ 
formed in the furnace, overlying a layer of the iiiolt-e.n alloy 
containing the impurities, the furnace is tilUal and tlu^ su])('r- 
heated molten alumina poured off, at a t(unp(‘ra.tur(‘ whieb is 



Kk;. ‘ 14 .--I of Aluinlmim (’ompaii.v of Ajuorifn i\ry prfx-o.H.H fnr pfor liK-in . 

ahmiiiia. 


probably about 2500''(t 'Vlw alloy is lalm* (jii)p(Ml oiif on 1 !i(‘ 
other side of the furnace'. 

The molten alumina may Ik' cast into Iarg(‘ l)lo(‘ks and sul)s(‘- 
quently crushed and ground to ))ass an SO-na^sli serofui, bid a, 
preferable procedure is to blow it into small hollow giobnlos 
by the impact of a jet of higli-pn'ssiin' air or sb‘a,m. In (his 
process, the stream of moltc'u alumina, as it issiii‘s from th(' 
tapping spout, meets th(' high-pn'ssurc' htist. from a, no/./h' 
located just below the spout. Thv alumimi is blown into frag- 
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ments which are in the form of hollow globules ranging in size 
from very fine sand to 3^8 oi* Ke inch or more, with cellular 
walls, which as a rule do not exceed 0.01 inch in thickness and 
in most cases are much thinner. A part of the iron oxide 
remaining in the molten alumina is volatilized during the blowing 
operation, and all of the carbon and dissolved carbide is oxidized. 
If the velocity of the blast is too low, the larger globules may 
not be as completely oxidized avS when a higher velocity is used, 



ind may (contain la.rg(‘r amounis of iron and carbon. 'rh(‘S(‘ 
ai’gc'J' globule's arc' bla(‘J< in color, wli('r('a,s l iu' wc'll-blown niatc'riaJ 
s snow white'. It. is wc'll known that by blowing blast funnicc^ 
dag th('ro is prodmu'd a fibrous matc'rial coiniiK'i’cially known 
IS ^^slag wool.’^ ddiis s('('ms to Ix^ diu' to tlu' vis{a)us (^iiaracb'r- 
stics of silicate slags. When alumina, su])st,a,nthilly frc'c' from 
ilica is l)lown in this wa,y, howc'vc'r, tlu'rc' an' prodmx'd th(^ 
lollow globuh's just, (l('S(a‘ib('(l. 

Tlu' proex'ss is pr('f('ra,bly (X)nipl(‘l('d by a, h'acdiing opc'ration, 
n which t-he globular or pulvc'rizc'd alumina is trc'ated with 
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dilute acid and washed to remove the lime (0.2 to 0.7 per cent, 
derived partly from the coke ash and partly from the bauxite) 
and about half of the remaining oxides of iron, vsilicon, and 
titanium. It is desirable to remove the lime because' it accumu- 
lates in the electrolyte during the reduction procc'ss and, of 
course, the oxides of iron, silicon, and titanium an^ reduced 
with the alumina and contaminate the metal produc(‘d. As an 
example of the effect of leaching, ground alumina slag having an 
aluminum oxide content of 98.87 per cent was tnuibal with a 
10 per cent solution of sulfuric acid for 20 hours. Afb'r dig(istion 
and washing, the purity of the alumina was increas('d to 99.75 
per cent. The digestion remov('d 00 to 65 p('r c(mt of ilie oxides 
of iron, silicon, and titanium prc'sent and substantially all of the 
lime. The nvsulting aluminum oxid(^ is pure (uumgh commer¬ 
cially to produce aluminum of 99.4 per c('nt purity. 

Haglund Process. 

The most important modification of the above d(^s(^ribed 
dry process is that due to Haglund,^ and under dev(4opm(‘nt on a 
semi-commercial scale by tlu^ Yen'inigte Aluminium W(‘rk(', at 
their plant in Lauta, Germany. The central id('a, of this modiii- 
cation is the reduction of the furnace t(‘mp(*rai,ur(‘ by lowearing 
the fusing point of alumina. J^'or tliis pur})os(‘, iron sulfid{' 
(e.g. pyrites) is included in tlu' cliarg(‘ and sufficient c,a,rbon is 
employed to reduce all of tlu' oxiih' impuritii's and an appn'ciable 
portion of the alumina. Th(‘ alloy obtaiiu'd is similar to tha.1 
of the A. C. 0. A. dry proci'ss, (‘X(U‘pt for a high sulfur (‘ontenl, 
but the molten alumina contains 10 to 10 jx'r (U'nt. of aluminum 
sulfide, which reduc(‘s tlu' nu'lring point, of t lu' shig a,(, h'jisl 
500°C. Haglund n'conmu'nds tlu' forma,t ion of a, sla,g wilii 
about 20 per cc'iit aluminum sulfidix ll])on solidifie.al ion, ( he 
aluminum oxide forms mimiti', tninsjian'ut c,ryst,als imlxahhMl 

^ Haolttnd, T. R., tl. S. Pal. 1 Isa, .1m, Ii. V2, UrJO; rcis-stic 17,001, 
Juno 19, 192S; Hr. Pals. 222,510, Nov. 20, 1925; 221,S20, J),.,*. !7, m-jr,’ 
289,029, May 2, 192S; 295,227, Auf^. 2, 192S; Kr. Pats. 555,219, .lunc 2()’ 
L923; 598,378, Dec,. 15, 1925; 599,559, Jn-n. 15. 1920; 02 1,790, .liilv 20,1927i 
021,797, July 20,1927; (l(‘r. Pals. 119,920, S('pl. 22, 1927; 151,522, Ocl.' 
28. 1927; Aiist. Pat. 105,2J0, Jan. 25, 1927; Norw. Pals. l(),52p D.t. iri, 
1921; 11,201, Aiifr. 15, 1927; S\V(‘<!. Pals. 50,712, \\iiy 27, 192 1; 00,125, 
Mar. 22, 1920; Swiss Pats. 101,222, Apr. 10, 1921; 122,270, Dim*. 10, 1027* 
Swiss Pat. 129,200, l)(‘c. 1. 1028. (Inn. Pal. 282,001, .Inly ‘il. 1028.’ 

J. Ind En.(j. (Ii(i)n., 18 , 07 8 ( 1920 ). 
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'n a matrix of aluminum sulfide. Most of the impurities not 
'educed to the metallic state are found in the matrix. Attention 
ilso should be called to the patent of SkappeF which deals with 
i similar process for separating ores and metallurgical products 
)f all sorts, including fused sulfides and oxides, and to the Norton 
IJompany^s proposal^ to reduce the sulfide content to about 3 
)er cent. 

To recover the alumina, the sulfide matrix is decomposed by 
vater, steam, chlorine, or hydrochloric acid; the hydrogen 
ulfide produced is recovered as iron sulfide by absorption in 
erruginous bauxite, preferably after a preliminary reduction 
if the iron to the ferrous state. The sulfurized bauxite is then 
ised to supply part of the sulfur requirements in the furnace 
peration. If steam or water are used, the aluminum hydrate 
irodiiced is separated by tabling, and the last traces removed 
rom the alumina crystals by treatment with weak acid, after 
^hich it is dried. If chlorine or hydrochloric acid are used, tho 
olatile chlorides of sulfur, iron, and titanium are formed, 
'he latest and possil)ly the most practical prociulurc'^ consists 
1 subj('eting the fused melt of alumina aaid aluminum sulfide 
1 incompleh' oxidation so that- at k'a.st part of the sulfur 
'pa,rat(\s out as free sulfur. The t(‘mp(‘railing should Ix' high 
[lough to distill off the fr(‘e sulfur, hut not high enough to destroy 
i(‘ propeu'ty of the alumina (from sulfid(0 i,o absorb water. 
'h(' pure crystalline alumina can them b(^ easily s(‘para.t('d from 
!(' a,morphous alumina, and otlnu’ ijnpuriti(\s by m(‘ans of wai-t'r. 
h(‘ r('sulting alumina crystals are us('(l lik(‘ a.ny (otlu'r form of 
iiinina in Ihe (4(a4,rolytic (^(‘11, or ])rer{'rably inixtal with alu- 
linum oxid(‘ mad(‘ by th(‘ Ihiy(‘r pro(*,(‘Ss (s(‘(‘ p. 310). 

As early a,s 1007, Iloudard' ])r(‘pa,r(‘(l (aystats of alumina by 
'ating alumina in a bath of mollcm aluminum sulhdcv, 

Of the oth(U' invemtors who hav(‘ ])r()p()S(Ml improvemuuds, 
alatelli and Vialars^’ add nothing of importaiuu' to ilu' original 
’oi)osals of Hall. Orbpp(d‘’ stale's that tlu' major porlton of tin* 
lica in basic aluminum silicate^s nuiy b(‘ nanove'd by snu'lting 
ith aluminum or coal, the n'SuliJng product containing no more' 
1 Skai'I'IOi., TI., Norw. Pat. ^13,9-10, Apr. 19, 1927. 

“ lOixjWAY, It. It., {111(1 J. B. (iLA/ii-:, U. S. Bill. l,7n>, 131, .Inly 2, l!r2!l. 

IlAoiaiNi), T. R., Can. Pat. 2S2,0G5, July 31, 1<)2.S. 

Houdaiu), M., Compt. vend., 144, 1319 11907). 

^ Valatelli, G. and It. Viauaus, Fr. Pat. r)2.y{)97, S('p<. la, 1921. 

” Gkopfel, K., Mchtlluryiv 1, r)9-'()3 ('1910). C. A. 6, 353 (1911). 
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silica than the ordinary bauxite. Further puritication would, 
of course, be necessary. Sinding-Lars(ui' describes an impracti¬ 
cal continuous process, in which ahuninuin silicate is fed into 



■!(). 1 of 11!iproco.s.s lor ittodiicin," ;iliiniiii;t. 


oiu' cud of a (‘li'cfrid furruuu', whilo a. ini\l iin* of iron, carhon, 
and flux is (Vd info 1Jk‘ o])i)<)si((‘ (‘iid. d'orn'-' siiji;^{'s(s (Ik* ns(‘ of 
niangan(‘S(^ or a similar m(*(,a,l ins(-(‘ad of iron, wliili* Iloi'n*!!- 

^ ^^iNDiNd-LAusiON, A., II. S. J'lil,. 027, TaS, .Inly lU, 1000; Ur. Un.l. 20,108, 
(1007), Nov. U), 1008; (!an. Viii. 100,512, Dir. 81, 1007; Swed. Pal, 27,870^ 
Aiip;. 21, 1000; Fr. Pal. 88-1,000, Mar. 28, 1008. 

- Tone, F. J., U. S. Pal. 000,172, !)(*(•. 8, 1008. 
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Schmidt^ proposes to add boric acid to the furnace charge. 
Hoy2 uses calcium carbide to reduce molten aluminum silicate, 
forming alumina and calcium silicide, while Homan*^ prefers 
metallic aluminum as a reducing agent. 

The Elektriziliitswerk Lonza'^ state that thei aluminum (which 
las been formed by the reduction of alumina by carbon) present 
n the fcrrosilicon can be utilized for the reduction of impurities 
n a fresh charge of material. 

Tone^ and Laur'’ propose to produce elementary silicon 
which is lighter than molten alumina) instead of ferrosilicon, 
)ut the high volatility of silicon at such temperatures and its 
iffinity for air would make such an operation impractical, 

A process in which the carbon and alumina are added in the 
orm of briquettes and a reducing atmosphere maintained above 
he molten bath to prevent reoxidation of impurities has been 
ecently patented.'^ 

The proposals of Weir,^ Thomson,'^ and Seymourto purify 
.lumina by volatilization, need only be mentioned. Metallbank ^ ^ 
as tried to improve^ the blowing process (see p. 238) by disin¬ 
egrating th(‘ molten alumina with rotating discs and quenching 
ii(' product in wa,t(‘r. 


* riKUKiONseiiMiDT, H., Hr. Pat. -133 (100<S), Jan. 7,1000; Pr. Pats. 3(jO,<s7S, 
in. 23, 1007; Isl- Add. ()S31, Mar. 20, 1007; 2n(I Add. 0S30, Mar. 20, 1007; 
■d Add. 8571, May 1, 1008; .Itli Add. 8572, May 1, 1008; nth Add. 8573, 
lay I, 1008; OMi Add. 8815, July 4, 1008; 1183,55 I, Mar. 12, I !)0S; (5(*r. Pals. 
)4,0()4, Nov. I, 1008; 205,700, Jan. 3, 1000; Swiss I’als. 11,025, .Ian. 8, 
)08; ‘12,500, I)(*c. 1, 1007. 

- IToy, I., Norw. Pa.(. 28,212, Snpt. 21, 1017. 

Homan, (\ II., U. S. Pa,l. 732,110, Jnn(‘ 30, 1003; Hr. Pal. 0132 ( 1002) 
inn 12, 1003; Kr. Pa,l. 332,583, 0(4,. 31, 1003; Ausl. Pal. 10,0.52, .\|)r. 25, 
101 . 

S(^(i also IIooi'Kit, H. I)., Uv. l*at. 217,370, June 10, 1021. 
'M^lnsKTitizi'i'.A'rswsitK JvONZA, Pr. Pat. 040,057, Jnl\' 5, 1028; Swiss Pal. 
0,878, Jan. 2, 1020. 

'‘To.Niq P. J., H. S. Pal. 000,338, Dir. 8, 1008. 

M.Aiiit, P., Pr. Pal. 125,277, Jiinn 7, 1011. 

' PjjOKTuiziTA'j'swiniK PoN/A, t'r. Pals. 010,737, ,luly 20, 1028; 0 12,200, 
If*-. 23, 1028. 

nV'Kia, P. Sw(m 1. Pa,l. 1818, Snpl. 18, 1880. 

'■’Thomson, P., P. S. Ital. 1, 150, KH, Apr. 3, 1023. 

"’Skymouk,, P. J., H. S. Pat. 382,273, May 1, 1888. 

" Mirt'Ai.LMANK n. MnTALLUKGiseim (Ins., Hr. Pa,Is. 277,010, Mar. 8, 
28; 281,131, Jan. 20, 1028 
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Removal of Impurities in Fused Alumina. 

After reduction with carbon, the metallic impurities do not 
always settle completely, and hencio may conl,aminat(^ tln^ final 
product. The addition of sodium carbonafe to the charge in 
the Hall process is said to incrc^ase the. Iluidity of tlui molten 
alumina, making it easier for the m(d.allic impuriii(w i.o s(d,tle.' 
If desired, the alkali aluminatc forimd during (be fusion may 
be removed by treatment with water. A slight (\xe(WK of e.arbon 
tends to produce carbides unh'ss nu'atis nr(^ employ(>d to pnwcmt 
such formation. According to n'ciml, foreign i)aten(.s,'’ a. limif.cHl 
amount of carbon is added to tlu! e.hargci whi(ih is not (piite 
enough to reduce all the impuritic's Just befoni the molten 
mass is poured into water to gramda,t(^ it, an (excess of ca,rbon a,ml 
iron is added. Either m(d.allic iron, ferrosilieon rich in iron, iroti 
oxide, or a mixture of iron and aluminum oxides ma.y be used for 
this purpose. The heavy molf.en iron absorbs tli(\ la.s(. traces of 
the lighter ferrosilieon suspended tliroiiglmid. Ilu' molten mas.s. 
Most of the unreduced impurities are dissolvcsl in tlu' alununum 
carbide formed by the excess of oa.rbon and are laier leached o\il. 
by means of dilute acid, (lirod'' substiluti's ba.uxit(! for liim^ 
in the reduction of chrome iron ore in tiu' ('le(d.i-ic furnaciu The 
pure alumina which remains as a ,sla,g can be furtlier purified by 
rcmclting in order that tlu! last traces of tlu\ meta,lli(! impurilies 
may settle. 

According to Frenzed,' tlu' a.iumina, is melted in one furnac(i 
and then poured into a second, wliei-e .a, dinsd- (mrreid. is used lo 
hasten the sc'paralion of t.be imi)urities. Ma-eludske'' propo.sc's 
to fuse clay with ciirbon in an el('e.tri(! fiirmus' .‘uid I hen subjcsil 
the molten alumina i.o ccmtrifug.al action (!) lo remove the 
impuriticis. 

The addition of suflic.icud'. carboti to reduc,<‘ a,11 (be impuril.i('s 
in bauxite n'sults in (he reduedon a.lso of some of (be alumimi. 
According (,o Saunders," (Ik* addi(.ion of 10 (.o 20 p('r c('n(. nudallic 

' Rociii'iTTB Fiiiiuus, t'l'. I’at, .Inly l.'f, 1021. 

” HooANAS-Bii.i.ssimi.MS .Aiei'injtor.AO, br. Pal.. 2.'i2,U0li, iipplied for Apr. 
27, 192(5; Fr. rat. (U.'‘v(:iO, ,liin. 7, 1027; HvvSs I’nl. 122,7:51. Dis-. 1(5, 1027. 

Ei.uktiuzitatswuuk LoSza, J'V. Pals. 011,(502, Ang. S, 102S; (511 ,S().'i, 
Aug. 11, 1!128. 

" GlliOi), P., Fr. Pat. :iM„')f0, Nov. 7, 1001. 

' Frenzkl, F., Oer. Pal.. '120,■! 10, May 20, 1020. 

Mac’IIA 1 .skk, F\ ,I., (1. S. Pal. 1,()02,OS2, May 27, lOl.'l. 

“ Saonihoks, L. IC., U. .S, Pat. 1,200,221. .Innc 11, lOlS. 
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ron makes it possible to reduee ik(' impurities wii.hout reducin^j; 
-he alumina. White' adds a subsiance, such as zinc oxid(3 or 
lodium carbonate, to the lower layer of the charge in a carbon- 
learth furnace to stop the formation of aluminum carbide, 
ierrenschmidt^ employs gasCvS, such as carbon monoxide and 
lydrogen, to reduce the impurities in molten alumina. 

Saunders^ purifies bauxites, etc., in the electric furnace by 
using with an excess of carbon so as to produce aluminum 
arbide with or without oxide. The reduced alloy is removed 
-nd the carbide in the molten slag oxidized by means of an 
xidizing gas, such as air. Alternatively, the carbide impurity 
nay be oxidized by adding more fresh bauxite*^ or iron oxide"* 
o the heated alumina. 

To eliminate silica from bauxite, lialF fuses it with a fluoride, 
Lich as cryolite or fluorspar. In connection with the Haglund 
rocess, it should be noted that Richmond^ mixes kaolin or 
lay with pyrites and carbon and then fuses the material in an 
lectric furnace. The silicon sulfide formed by the reaction is 
olatilc and passes off along with the carbon iuonoxide. The 
■on and alumina are separated as usual. 

A French patent^ states that fus(‘(l alumina is hard to dissolve 
1 the electrolytic c('lls but by adding 5 to 10 per cent cryolites 
V aluminum fluorid(‘ to the molten alununa befon^ cooling, its 
)lubilii-y in cryolites is incnaised and at the sana' tiuu' th(^ iron 
1(1 silicon fluorides are eliininatcal as volatik' compounds, 
iggins and ,Jeppson'’' treat tlie crusluMl fiisdl alumina with a 
)iling solution of sodium liydroxid(‘ and ca.rbonn,t(‘ in ordm* !(> 

MVnrrn, II. FL, P. H. Pal. I,2(){),MI, JurH^ 11, 191S; Hr. Pal.. 11S,()0G. 
iiH‘ 5, imO; l*al. ICpOL^I, May M), lOH). 

MIiORKCNsdiMiDT, II., Pi'. Pal. r)S2,S7(), Pel), 2, 11)22; Isl .Add. 21,7.17. 
•t. M, 1922 ; 2iid Add. 21,7r).S, Ocl. I I, 1922. 

MSaundchs, L. U. S. Pal. 91)0,712, .Jiirui 7, 1910; ('an. Pal. 129,Ml, 
('c. 10, 1910. 

MSAiiNDniis, L. p]., U. S. Pal.. 1,209,220, .hita' 11, 191S; Hi-. Pal. 1 lS,()0r), 
ly 0, 1919; (U'V. Pat. 0N2,71 I, Ocl. T), 1920; Norw Pal. 01,022, Nov. 1, 
20; S\V(‘d. Pal. •17,0-1(), Ma,y 20, 1920. 

*’ I)ANNJONnnR(i, M A., Norw. Pal. 2-1,000, Jiiih' la, 1911. 

'■> Hall, O. M., U. S. Pat. 07s,702, July 10, 1901. 

' Hkuimoni), M. a., U. S. Pal.. l,2ir),0.S0, Nov. 0, 1917. 

MSocno'i'c (rth.KOTRo-OuiMii-: kt (rihj';(’'i'Ro-MiVi'Ai.LioauK, Vv . J*al. 
0,7)79, Apr. 22, 1921. 

” Ilioom.s, A. (A and 0. N. Jncpsoiv, IJ. S. 'Pal. 9-11,100, I)('c. 2S, 1909: 
M*. Pal. 207,20X, Aug. 2, 1911. 
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r('iuov(^ raw nialcrial not I'ully l'us<‘(l and inipnrilJn.s siudi an 
silicates. The i)urifi('d nialeria,! is iis(‘d mainly for abrasives. 
According to Gerhel-Strover,' artificial abrasive grii, (from 
bauxite fusions) is lioaUal wilA sodium pyi'<)suirat(i (or sulfui'ic! 
anhydride) to a temperature around S()0°G. I luring tln^ roasting 
operation, any carbon present is removed and the sodium in (.lui 
pyrosulfato reacts with the silica to form a solubhi compound. 
The metallic impurities in die form of sulfali's are extracted 
by means of water. Other patents (Ilorsfield, sei' p. 2;if)) have 
suggested the use of acids for extracting the impurides in fuscal 
alumina. 

When the impure alumina is lieat(ul to 2{)()"C1. or a,hove in tlu^ 
presence of chlorine or hydrochloric acid and a nalucin^i; ag(mt,, 
the silicon, iron, and ferrosilicon a,r(‘ chan^vd to vola,til(‘ chlorid('s, 
while the alumina remains l)(‘hind.- Th(‘ alumina, may Ix' 
treated in lump Forni and, as tlu^ ga,s('s p(m(‘|j‘aie (Jiis nuUnrial, 
the resulting product Ixuioines porous and hril-th^ }xxuuih(^ of tlie 
removal of iron and silica, and is (easily ground 1,0 a, powd(‘r. 

Purification of Alumina for Abrasives. 

In the manufacture of abrasive's, c(‘ii,a,in d(\sira))l(' products 
are made by using a fairly pun' fus('d aJumiiia.. Whih' in g(‘n(‘ra,l 
the alumina thus us('d is not pun' ('iiongh for IJk' nia,nura,(^tiir(' 
of metallic aluminum, y('t tix' nu'tliods {‘inployc'd a.r(' v('i*y 
similar to those (h'St^rilx'd muh'f llu' <lry proenssf's for llu' pn'j)- 
aration of alumina. No adlumpt will lx* ina.di' to eovi'r tlu' 
entire field of aluminous ahra-sivf's, but a, bib'l survi^y of (,h()S(' 
processes produeing rc'lativc'ly pun' aJumina. will Ix' ma-d(‘ 

ToiiC'^ heats a. niixtiirf^ of kaolin, cai'boii, and <aii(‘i'y in ?m clcclrif* 
resistance furnace. The {'nuay fiiniislu's (Ju* iron which rombiiK's wilJi 
the sili('oii to form an alloy. Alh'ii' iiisos cahancii b;iii\in' cfnilaininji; 
siliea, iron, and titaniiini oxid(‘s ns inipiirili(‘s wi(h ciinindi onrhon lo 
reduce the iron oxide :ind silica and only part of (In' (il.ani im oxide. 
Hutchins'’ heats (lia,sj)or(^ to di*i\'(‘ off (lu* rondiiii(‘<l wa((M' and IIkmi 
fuses it with a rcdinang jigeiit in llu' ('h'dric fiirn:ic(‘. 

^ Gkiihrl-Strovior, E., ihx Pat. I(),a‘JS (I'.lir)) .hinc s, lliUi. 

- Zaidan IIojin ItiKAOAfui Kknioujo, P*r. Pal. 'JSljWil, ()ci. 'JU, lU'JS; 
Fr. Pat. ()M7,S7i), May 10, n)2S; Swi.ss I’ji.l. P-‘fi,.s77. -Ian. I UP'.). 

='Tonk, P. .1., U. S. Pat. 1)21),7)17, July 27, IDOD. 

Allun, T. H., U. S, Pat. 1,1X7,227), Jimo IJ, IDUi. 

" IFutciiins, U., U. S. Pat. 1,2)2(),7)1)7), Dec. JO, IDl!) 
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A(U3()r(liiip: U) ])iivoii|)()ri,' ^-arnol- dust is lu'.iiiod wilJi ('.jirboii dust in 
,he ele{iiri{^ fiirnjic() (.o r('.dii(*o t.lu^ inipiiriiicis and foi'in forro,silicon. 
<'or the complete removal of irojp it is sometimes nccessaiy to add silica. 

liasslacher- melts a mixture of natural emery and carbon in an electric 
urnace to form iron and corundum. Tone'^ heats a mixture of emery 
n’e and carl)on in an elecitric furnace at a temperature below the redue- 
ion point of alumina but above the reduction point of silica. The 
lectrodes are gradually raised and tlie purified alumina, being a poor 
onductor, remains at the l^ottom and solidifies. 

In another i)atent, Tonc'^ states tliat such substances as alunite may 
e heated in the electric furnace to a temperature in excess of 20()0°C. 
[) volatilize the i)otassium compounds. The iron and silicon also may 
c removed as I’errosilicon ])y adding carbon. According to Higgins,^ 
lie heating of alumina in the electric furnace to a temperature sub- 
bantially above the temperature of quiet fusion avoids the segregation 
f impurities, carbides, etc. 

To avoid having a too high conductivity in the charge, Tone‘' allows 
le reduction to take place in two stages, more carbon and iron oxide 
eing added between the stages, Hutchins^ fuses calcined bauxite 
ith insufficient carbon to completely reduce all the imjiurities. The 
roduct is (aioh^d and separated from the metallic impurities, and then 
is(d again with more carbon to reduce tlie silica, iron, and titanium 
xides to less tlian 1 ])(n* cent. Only a small amount of carlion is 
ecessary for this final fusion, as the carbon electrodes cause considerable 
iduction. 

Richmond and hlacdonakR fuse a natural corundum or impure 
umina, containing not more tluin 0.0 per cimt titanium, with carbon 
id metallic iron in the electric furnaci^ to nnlina^ most of the iron 
^id(‘ and silica without nHlucing the titanium oxidiu Tlu^ amount 
nudallic, iron neia^ssary is about thriHi time's the (juantity of silicon 
resent in tlu^ matenhU. Harrison'^ nu'lts a mixtures of diasponu iron 
u’ings, and coke^ in tlu^ ehuitrie^ furtiace' and tlu'ii allows tlu' mass 
) (U)ol slowly. 

' I )a\ ION PORT, J., IL S. I’al. 1,192,00*4, .IidN' 20, 11)10. 

" n Assi.Aoii MR, P., Hr. Hal. 1(),72<S (ISDO), July 20, 1 NDd; (Icr. Pnl.S0,()2l, 
in. 17, ISIH). 

■'J'oNK, P. J., U. S. Pal. I,0()2,OO.S, S('pl. 0, 11)11. 

•'J'oNK, P. J., V. S. I’al. I,2:h),l)<Sl, SepL 11, 11)17. 

MlnmiNs, A. (7, U. S. Hal. 1)21),211), Jul\' 27, 11)01). 

'■•'roNM, lb J., P. S. Hal.. 1)21),OIS, Jul\ 27, 101)1); I'l’. l\al. lipDOO, Supl. 
I, 11)10. 

MIii'icniNs, ()., P. S. Hal. 1,:R(),0J2, July 10, IDID; Hr. Hal. 100,110, 
•i)l. 2, 11)20. 

” Kk’KMoni), H. a. and R. ]\1 acdonai.d, Jr., lb S. Hal. Apr. 

), 1922. 

Harrison, N. C., H. S. lOil. 1,01 J.001, .Vug. 20, 1919. 
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Saunders' and Allen'' pr(d'<M' mel,allies aluininiiin (<i earhon for reducinj!: 
the iron oxide and siliea in molten alumina. 'I’lie use of .aluniinum in 
place of carbon avoids the formation of aluminum e.arl)i(l(>, which 
interferes with bonding the abrasive. 

According to Gagon," a mixture of hnruginous bauxite, (!oke, and a 
flux, such as carbonate of calcium, pota.s.sium, or sodium, may be 
melted in an ordinary calcining furmuau bnxikbank' first c.alcines 
bauxite or emery with sodium or ])otassium carbonate at I KKPC. in 
order to give easily fusible silicat<w. 1'he n\at(n'ial from I,he cahdner 
is then mixed with suflicient coke to reduce tin; iron oxide and sibhni 
and fused in the electric furnace. After cooling, the product is (UMisluid 
and treated with 10 per cent sulfuric acid for (i hours at aii elevated 
temperature. Eichmond and Macdonald'' state that an alk.aliiu' earth 
added to the charge of alumina, iron and carbon lowcu-s the temp(n'al,urc 
of fusion, and also the viscosity of the moltcm ma.ss. 

Saunders and White" add a small amount of soda ash to tln^ (diargc! 
of bauxite and carbon in order to i)roducc a W(mk grain in tlui product 
and to stop the reduction of the alumina. Acxsu'ding to Allen,'' (,h(! 
iron-titanium-silicon alloy is non-magn(di(^ if tluu-e is hws than ,S() per 
cent ii'on present, and, conso(iuently, certiiin (nmntities of this alloy 
remain in the fused alumina product. By heating the limdy di\'idc(l 
material with 3 to .5 per cent of sid)stan(aw which will readily giv<i up 
oxygen at a high temperature, a f(U'ro,so-ferric-tita.no silicu'ite is foruusl 
which is magnetic. 

Claiming that the magnetic o.xidc; of iron contained in fused alumina 
destroys the strength of molded and luuitcMl idii'asives, I’cltigrew .'ind 
Gerbel-Strovcr" cool the fused alumina and, id'tcr breaking it up, heat 
the product in an oxidising iitmosi)here to converl. the magnetic 
oxide of iron into ferric oxide. Allen'' luuits (be crushed ,'d)rasive at 
800 to 1200 °C. with a luilogen salt of an alkali or alkidiue earth meljd 
to remove the carbides and silicides of iron, ahimimuu, and (itanium. 

'SAONDEim, L. E., U. S. Pat. A|)r. 12, lUlO. 

2 Allen, T. B., U. S. Pat. 1,-M,S,.''),S(), Mar. 13, 1(12.3. 

^ GA 90 N, A., Fr. Pat. 332,770, Nov. 0 , 1003. 

■' Bbockbank, (1. .1., U. 8. Pal.. 1,102,71 I, .Ian. 3, 1022. 

Richmond, H. A. and R. Macdon.-m.i), .la., I’. S. Pal l,.a.s3,170, May 1 , 
1026. 

« Saundbus, L. E., and It. Jl. Whitk, H. .‘S, Pal. 1,263,711), Apr. 23, lOl.H; 
Hr. Pat. 11S,.502, Mar. 7, 1010; Giu. Pal. 3 ,S 2 , 6 ,SI, Orl. .a, 10'23; Nonv, Pal. 
32,370, May 30, 1921. 

' Allen, T. B., U. S. Pat. 1,100,011, .'Sepl. 26, 1016. 

8 Pettuihew, .1. and K. Oi'ianKi.-,S'rHovi.;a, Hr. Pal. .S, I.S3 (101 I), .Inly I. 
1915. 

"Allen, T. B., U. S. Pat. 1,001,.')72, Aug. 22 , loll; h'r. Pal I32,.')03. 
Dec. .S, 1911. 
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The excess of halide salt is removed by washing. Kalmus^ prepares 
pure alumina from nepheliiic-syenite by means of sulfur dioxide solution 
and then fuses the pure alumina either alone or mixed with other oxides 
to make a crystalline abrasive product. 

Higgins''* roasts the fused abrasive material to oxidize carbon and 
carbides. According to Saunders and White,** a volatile oxygen 
compound of sodium or zinc may be added to the fused alumina to 
prevent the formation (jf carbides. Tone and Alleir* rcmelt the fused 
alumina with oxid(^ of iron to destroy carbides or suboxidcs of aluminum. 
Tone’’ states that the addition of sufficient carbon to cause the complete 
reduction of titanium oxide causes tlie formation of carbides. By 
Eulding iron oxide or other oxidizing agents** to the fused mass, or fusing 
:i second time with these reagents, the carbides are destroyed. Vicr- 
[uiller^ adds iron lilings to fused alumina to increase the density of the 
impuritic^s ('(^specially silicon), an oxidizing agent, such as manganese 
lioxide, barium peroxide, potassium chlorate, or i)otassiuni nitrak', 
:.() oxidize carbides, and a gas-producing compound, such as sodium 
airbonate or ammonium chloride, to promote thorough mixing and 
hus hasten the settling of the iini)urities. Ib’ockbank** claims that a 
nore complete reduction of aluminous ores can be obtained, morc^ 
'.arbon may be added without the formation of carbides, and tin? 
mpurities are more (uisily nmioved if boric acid is i)rc^s(uit. For tlu^ 
)r(‘p{iration of nh’ractory matcTial, Le(*(‘sne** mixes bauxites and anthra- 
ut(^ in suitEibk^ pr()])()rtions to form aluminum carbide, and burns the 
nixtuni in a furmuH' through whicth air under pn^ssun' is conducted 
n ord(U’ to burn up the ('X(^ess {inthra(ute and carbide. 

P(4;tigr('w and (hn‘b('l-Strover*‘* allow tln^ molkm ahiniimi to cool 
lowly in a v'Eicuum, whih^ IvEdmus*' allows it to (^ool in thin stnnims, 
)r(ilerably dinahung i\, c.ooling gas upon th(‘ shmder stnnun as it falls 
[poll th(‘ moving mold, to S(‘cur(‘ rapid cooling. Higgins'- chills 
he pig of fus('d alumirni by dinading a strcuim of wat(U’ against tlie 

' Kalmus, n. T., U. S. Fat. 1,234,905, July 31, 1017. 

“ IIkueins, a. (h, U, S. Put. 930,370, Aug. 10, 1909; (Jan. Pat. I20,sr)7, 
icpl. 2S, 1909. 

•‘HAUNomis, ].. F. and It. IP Wurrn, U. S. Viii. I,2<j9,222, June 11, 19IS. 

•Tonu, F. J., c,n<l T. IP Aulun, U. S. PaP 1,01 1,290, Nov. 12, 1912. 

‘■‘Tonk, F. .P, U. S. Pat. 1,270,131, Aug. 20, 191S; Fr. Pat. 4S9,314, Jan. 
2, 1919. 

'HlmofnNsciiMiD'r, IP, tV. Pal. 3S1,193, .\pr. 10, 190<S. 

' Vimmm.ni.ni, IP, (h'r. Pat. 122,105, Mar. 21, 1925. 

^ IPtocivHANK, C. J., P. S. Pal. 1,50S,S73, Jan. 5, 1920. 

''Pn(’nsNn, N., H\\ Pats. 102,507, I)(‘c. 3, 1917; 124,2()S, May 20, 1921. 

PnTi'HiitKw, .P and F. (IrntHEL-STHoviiiu, (Icr. Pat. 20S,930, Jan. 7, 191P 

" KALMifs, IP T., IP S. iPUs. 1,1 19,001, Aug. 3, 1915; 1,220,S92, APiy 22, 
917. 

'MIiocjins, a. (P, ip S. Pat. 910,S00, Mar. 30, 1909. 
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outside steel shell of the furnaeo. TTiitchiiis’ staL(‘s that the ]))o]t((n 
inaterial may bo qiienehed by a, stn'.aiu of wjdxn* as it issiu's from ii)(. 
furnace, a porous product with n^lativi^ly small e.rystaJ siz{^ Ixahi^’ 
obtained. Accordinjj; to Sauinha’s and Wliih','' au al)ra.siv(i whos(^ 
crystals are perforated or (lelliihir may bc^ obtaiiuxl by adding; aJkali 
metal salts or substances, such as aluminum (luorid(‘, /din*, or y/ino oxid(* 
which are capable of existing in the vapor phase* just Ixd’on^ tin* alumina 
solidifies. 


X ALUMINUM NITRIDE PROCESS 

In any survey of the coiiiinercial ju-oeesses for Mk' lu'odue.tion 
of alumina, consideration iiuisi, Im' friv(>u 1,0 a diseussion of 
the nitride procciss. Much liiiu' and (>ffort have Ix-eii spent 
upon the investiffation of aluminum nitride, an intm-esting' 
product of the electric furnace, which is an interin(>diat(' (xmi- 
pound in the fixation of atmosplieric nitro}>;en and I, he |)rodueti()n 
of alumina suitable for us<‘ in tlu^ aluminum industry. Semi- 
commercial work on this ])ro(U‘ss was carried on over a p<'riod 
of years by Societe (Jendrah^ d(w Nitriires (owners of ( he .Sc-rpc'k 
patents). Aluminum Company of America, Armour a,ml Com¬ 
pany, anti others. Jhe proet'ss is not (v.onomieal for l lu' alu¬ 
minum industry, unless the by-product ammoina (^a,n be nuule 
to yield considerable revenue and lauKie reduce the (U)si, of (lu; 
alumina. Bauxite is us('d in the ))roduelion of aluminum nitride, 
and it would be much cheaper to extraat lim a.lumimi dire(dty 
from the bauxite instead of from tlu^ nitride if it ^vere not for I he 
ammonia. ^ Several other factors, smdi as <.a,se of exi ravlion, 
removal ol silica, (‘tc., must be (amsidcred, as well as I he dilli- 
culties involved in I he ni(,ririca,l ion of the orif-inat charf-v Mven 
before the recent commercialization of chea.i>er synl belie a.mmo- 
ma processes, such as that of Haber, complelely deslroyed aaiy 
possdhlity which the nitride process had of c.anpeliim will, the 
Bayer process, inherent difticulties cau.sed its abandonment. 

Ihe history of aluminum nitrid,' is moi-e iveenl Iban Ihat 
of aluminum itsell, sine,' tiu' compound was lirsi prepa.red iuid 
identified by BriCKleb and (iuether* in l,S(i2, when I hey healed 
metallic aluminum, containing silicon and iron, to a hif-h lempera- 

pyiTciiiNs, 0., U. S. Pal. ),,512I,i;f.|, .Jill,. P7, 

-Saiindehs, L. K. ail,I R. |I, WdiiT,.;, II. S. Pal, l,2li:i,7()i) /\oi' ‘Jli PUS- 
® BlilKdLKB AN!) ('{UKTllKU, Aun.., 123, ‘23S (lS()2). 
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!iire in a stream of nitrogen, and then decomposed the compound 
jy fusion with potash to obtain ammonia. The reaction 
Detween metallic aluminum and nitrog-en is exothermic after 
t is once started, and this no doubt explains the fact that the 



17. I )i;i,^>r:irn of Serpt'k process f(jr jH'odueiiit!, alumina. 


iitiy (‘xi)(‘rim(‘nt{‘rs us(‘d (h(‘ iiK't-al to obtiiin Mh‘ nitri(l(‘. Whiles 
lie formation of t lu' nilri(l(‘ from tb{‘ iiK'fal is in('('r('st ing from 
scdcmth'ic st.aii(l})oint, a (‘ommercial ])ro(u'ss must, of e()urs(\ 
se alumina as tb(' raw matcunal. 

When alumina, carbon, and nitrogem are heated to {i very 
igh temp(‘rat-ur(‘, nitrogen is absorlx'd and aluminum nitride 
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and carbon monoxide are foriiuMl. Although Mi(‘ romdJon 
between metallic aluminum and nitrogen is exotlunanic, as 
stated above, the extremely high heat of formation of aliiminiiin 
oxide makes the reaction just mentioned highly endoMun'mitj. 
According to the Serpek patents, a tcanperature around 18()()°C!. 
is required for satisfactory operation. In ord(‘r (-o obtain such 
a temperature, it is necessary to use ehah-ric In^al^, and tlu^ 
development of the nitride process has largely liingc'd on tlu^ 
development of a suitable doctiic furna,C(\ diirnuil(,i(\s 

of operation are apparently increased by fa,ct, thal, th(‘r(^ 
appears to be an upper teni})eratur(^ limit (al)out 22()()‘^(b) abovc^ 
which the nitrification does not take i)la(‘n, {ind wluu'e aiuminum 
carbide is the stable phase. 

Physical Chemistry of Aluminum Nitride Reactions. 

Considerable difficulty has beem (mcoiudnn'd in the 
mental determination of the heat of formation of aluminum 
nitride, because of the fact that tlu' combustion of tiu' eom})()und 
is incomplete in the caloriinetcu’ and it is not surprising, liH'ni'orc, 
that the results show wide variations. Tlu' h(‘a,t of formaiion 
of aluminum nitride in the original d(‘t(‘rmiiiji(i()ii by 
was found to be 27,869 calori(‘S, but this valu(‘ is inmii loo low. 
A later determination by Fiehi.(‘r and ,l(‘imy‘* giv(‘s a- valu(‘ 
of 62,000 calories, and this is, witliout doubt, mori' iH'aiiy 
correct. Richards'^ \ises a valiK' of '15,150 (‘nioric’s for tlu' luxil. 
of formation, while Matignon' stal,(\s liiat it is 55,000 caloric's. 
The latest estimale is that of Ih‘(‘S{M)tt and Ilincke,*’ who ca,{cul.‘U(‘ 
from equilibriuni ineasun'UH'iits, a vahu' of SO,-181 (\‘i.lorics. 

As was mentioiK'd abov(‘, tlu' r('a{6.ion 

AI 2 Il.H "f" 8(' “f" N 2 — 2A1N [- .*)( 8 ) 

is highly eiid<)th(a*mic and various n('gativ(‘ la'a.l vahu'S ha,v(' 
been assigned to it. liichards'^ (‘stiitmles tlin.t tlu' naiclion 
requires 218,220 caloric's, hracmla'F 218,000 ca,lori{'s, Matignon^ 

U^ICMITEII, F., Z. anonj. Clirm., 64, 822 827 (PH)?). 

- Ficiiteu and JicNrvTv, llclnrlira ('him.. Arhi., 6, MS 51 (ll)‘2‘2). 

•nticiiARDM, .1. W., Trans. Am. PJlrclrorhrm. Sor., 23, 8r)C) (1018), 

Matignon, Chon. Ztg., 38, S<M 5, 90!) 10 (lOM). 

Prescott, Jr., C. H., W. B. IIiNcao-i,./. dm. (lion. Soi\, 60, 8‘22S (1028). 

“ Lac. cil. 

^Fraenkel, W., Z, fUvMrochon., 19, 802 -878 (1018). 

“ Loc. (lit. 
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187,600 calories, and Krase, Thompson, and Yee^ 168,720 
3alories, Moldenhauer^ has calculated, by means of the Nernst 
leat theorem, the value 189,000 calories at 1500°G. from the 
ipproximate equilibrium measurements of Fraenkel, while 
?rescott and Hincke find a value of 138,711 calories. 

According to the experiments of Fraenkel, the rate of the 
‘eaction increases rapidly with temperatures from 1300 to 
.600°C, The amount of nitrogen fixed in hour was 3.1 per 
5ont at 1400°C., 4.4 per cent at 1450°C., 8 per cent at 1500°C., 
.9.5 per cent at 1550°C., and 24.5 per cent at 1600°C. The last 
^alue given does not indicate the rate of the reaction, when 
lompared with the other values, since at this temperature the 
najor part of the reaction is over in 3^^ hour. At 1500°C., 
xpcriiuents showed that the yields are proportional to the time. 
The experiments of Fraenkel have also shown that the reaction 
reversible and that, especially at the lower temperatures, 
he presence of a large excess of carbon monoxide will stop 
he reaction and even decompose aluminum nitride into alumina 
nd nitrogen. At a temperature of 1500°C. and a pressure of 
atmosphere, the equilibrium concentration is between 25 and 
0 per c('nt carbon monoxide by volume, and at 1GOO°C. between 
0 and 65 per c('nt by volume. In two t('sts at 1700°C., a 
vely nitrification was produced when there was 70 per cent 
arbon monoxide by volume present. These experiments 
emonstrate that a relatively high proportion of carbon monoxide 
lay b(' pr(\sent in the nitrogen, provided a higher temperature 
1 us('d. 

Th(' nu'jisuriMiH'nts of Pn'seott and FTincke indicate that for a 
)tai pr(‘ssur(‘ of I aimosplK'n^ (u|uilihrium mixture contains 
1.6 p(‘r c(mt carbon monoxide at 150()°C)., and 66 per cent at 
6()(FG. 

Th(‘ sublimation and conseqiumt decomposition of aluminum 
itrid(' taJ<(‘S places at (‘xt.nmiely high temperature's, and tlu^ 
^t,('nt. of t h(‘ d(‘e-om])osit ioii is d(‘p(‘nd(mt' on tlu' pressun' of 
i(‘ nit,rog('n. Working at, atniosplnn'ic pn'ssurc', 4hick('r iind 
ead’^ found that tlu' d(‘coniposition starts around 2()00®(\, 

' Kuask, II. .1., J. (i. Thompson, and .1. Y. Yion, J. Ind. En(j. Chrm., 18, 
2SS (I912()). 

- MoodsnIIAUKH, \\., “ I)i(‘ Headioin'ii dcs rmicii Sticksiofl's,” 

orid rai'^'.in-, Heflin, (IDliO). 

'reoivKK, S. A. and II. L. Kkad, 'fra/i.s. Ant. Elctirochvni, So(\, 22, a/ 
012 ). 
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while Wolf^ statcH that the .sublimation begins around 18r)()‘^C. 
If the pressure of the nitrogen is reduced to 14 inillimetd’s of 
inercuryj Fichtcr and Oestc'rludd" lind that* t.lu' sublimation 
and decomposition begin at lS7()°(b ± 2{)”(!. WoH has d(‘t(u- 
mined the melting point of aluminum nit.ride to b(^ iKd-vvemi 
2150°C. and 22()0°C. under a pn^ssure of AM atmos])her('s of 
nitrogen. Matignon*^ states that aluminum nitrides do(\s not 
melt at 2200°C. The crystallim^ form of aluminum nitride 
is less reactive than the amorphous form prodiKuil al lomw 
temperatures. 

Fichter and Spengeb^ Inive deseribdl em’tain elnunidil propm- 
ties of aluminum nitride. Aluminum nitride^ is d(HU)m])osed 
slowly by alkali solutions, but rapidly by moltmi alkali, yi(4ding 
ammonia and alkali aluminate. Adds also de(‘.ompos(' the 
compound, foritiing aluminum and ammonium salts of tlu' a.eid. 
For example, the reaction b(‘tw(‘(m aluminum nitrid(' and gas('ous 
hydrochloric acid'’ produces aluminum and ammonium e-hlorid(^s. 
For the quantitative detm'minal.ion of nitrog(m, m(4,bod 

of Kjeldahl is recommended. Aluminum nilimh' is not aet(‘d 
upon by hydrogen. The dry halogmis niiet only slowly, ('V(m 
at high temperatures. Aluminum nitrid(' n^aed.s with air 
noticeably at 7()(FCk and, aft('r luaiting for i hours a,t SAiY to 
840°C,, it was found that. th('. r(‘sidu<‘ (U)ntain(‘d only S pen* (^mt 
nitrogen. Potassium dieliromatt^ and oIIhu* strong oxidizing 
agents decompose! th(‘ eomi)ound. Ilow(‘V(‘r, ))o(-;issium ni(ra,t(‘, 
potassium chlorat(', j)()l.assium p('rmangn,n«‘it(‘, end (!()pj)(‘i* oxick' 
are without much action. Alumimim nitrid(‘ Ik'uPmI (o 122()'’(\ 
in a stream of nitrog(m wa,s nol. at(.aek(‘d by (auTon, bill, alu¬ 
minum carbide reacted wit h nit.rogcm slight ly a.t I2()()‘'(('n.rbon 
monoxide do(‘s not n'aet with jiluminum nilrid(‘ at 1 !()() '(’., but 
carbon dioxide rc'acts noti(!(‘al)ly n4 1 i2()'’(!. witli this compound, 
and after l }-2 hours at. ll l()”(t, 54.11 p{!r c(‘nt. is oxidized, a,ml 
at 18()()°G., 89 ))('!’ c(!nt is oxidiz('d. 

Conversion of Carbide into Nitride. 

The chemistry of high-b'uijH'ralun' r(‘a.(!t ions is not. always 
apparent and, consid(‘ring th(‘ dilli(!ulty of working al tcmi- 
^ Woes, J., Z. anonj. (lirni,, 87, 120 12S (101 1). 

“ FiciiTiOi, 1<\, (1. ()KSTioum<aa), Z. Elrklrorfum., 21, cO (I!)!.’)) 

AlATF(iN()N, {^, doiKpl. rrfuL, 177, 1200 1200 (1020). 

Kicutcu, F., a. 8inoNr(a'Jb, Z. (uwnj. Uhnii., 82, 102 200 dOlS.i 
*’Montcwaktini, \j. Ij()san.\, (fiarn.. ('him, in.d. appliralti^ 6, 1^23 -325 
(1924). 
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.)oratiirGS arouiul 2000^^0^, it in not Hiirprising that the earliest 
ionclusionB were incorrrect and later abandoiKKl. 

The earliest patents to Serpek deal with the nitrification of 
duminiim carbide. It was assumed that when a mixture of 
blumina, carbon, and nitrogen was heated to a high temperature 
n the electric furnace, tlie first reaction was a reduction of the 
dumina by the carbon, resulting in the formation of aluminum 
iarbide. The reaction between the carbide and nitrogen was 
hen supposed to take place with the formation of nitride. In 
he early patents to Serpek,^ aluminum carbide is heated to 



Temperatu re-Deg.C. 


Hj. ‘is.-- -IO(iuilil)riuui curve' for uitridc' fornuiiioti from {ihiiniuii, cjirhoii and 
iiitrof^un; per cent of carbon monoxide aa a function of temperature. 

higli t,(Mnp('ra(.iir{‘ in an atinosphen' of nilrogxni. (-arlM)n and 
lumina or aluminum c}dorid(‘ may 1)(‘ addt'd to dilute' tin' 
irbid(' and inen'as(' tlie nitrogem adsorption. 1'lu' addition 
f hydrotddorie acid ga,s or sulfur dioxide' to th(‘ nitrogi'u is said 
) sjKU'd u[) th(' r('a(;tion. Tlu* UK't-als {a)])p('r, aluminum, and 
on, or tlunr alloys, an* lik('wis(^ said to Ik' catalysts for tln^ 
‘atdfon. 

In la(.(‘r i)a(-('nts,- som(‘ carbid(‘ is fornu'd din'ctfy in tlie 
Lt'nacu' by lieafiiig alumina and carbon U) a high tc'mjK'rat.un' 

'Sioiu‘CK, ()., [I. H. Pat. S()7,r)ir), Oct. S, 1007; Hr. Pa<. 10,570 (1000) 
')). 7, 1007; Kr. Pat. ‘M)7,V2\, ()(d. 20, 1000; Ovv. Pals. 1S1,011, Mar. 1, 
K)7; 205,215, diiiic 2, 1011; 205,000, June 10, 1011; 1<S1,002, Mar. 2, 1007; 
111 . Pal. 102,050, I)(r. IS, 1000. 

“SKiiPUK, O., Hr. J^at. 15,005 (i00<)), Nov. IS, 1000; Pr. Pat., Lst Add. to 
7,12‘1 -12,JS2, vSept. 20, 1010; tier. Pats. ISO,702, Apr. 11, 1007; 201,SSO, 
')). 2S, 1011; Swiss Pat. 10,-17-1, Nov. 11, P)0S. 
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iuul (.ho.ii iiiiroKcn is l)l()wii iJiroiigli Mu'. iniiss. 'PIk; soooiul 
rcactioii is supposed to Ix' (^xothornuc.. lMijiya.iim' burns tluv 
carbide in air and then, after a suitable^ kuupcirat.un^ is (h^volopcnl, 
nitrogen is conducted into tlu^ i(*aci'ion cliandxu. Anoi/lun* 
batch of carbide is introduced and (.lie protxuluni r(^p(^ated. 
Hershinan^ heats a mixture oi alumina and (xubon ( I mol Alyll.'t 
to 6 atoms C) with 0.5 to 5.0 per cent of a carrying ag(mt, sucli 
as titanium or calcium compounds, to a tcunpcu-al.uiv. of 15()0‘’(:., 
in a current of water gas, to form mainly carl)ides. d’lie mixl.ure 
of carbon monoxide and hydrogen is supi)ose<l to Im^ mor(‘ reac(,iv(i 
than either one alone. By luaiiing l.lu; prodmit with ctarbon 
dioxide, more reactive subcarbides or imdals an^ supi)os(!d l.o 
form. These are then heated to 1500 l.o l()00°(l. in a cui-nmt 
of nitrogen or a mixture of nitrogxm and hydrogim, l.o form the 
nitrides. Barnett and Burgess* state! thai. alununum niti'id(! is 
produced by heating aluminum carbide in an atmosph(!r(! of 
nitrogen at a temperature of 900 to 1200'’(’.., whihi Il('rslunan' 
•states a temperature of 1700 to 1S{)0°(!. is ad(!(iuat(!, providcxl 
there is present 0.1 per cent of a catalytic agent, sucli as Ixiron, 
titanium, or their compounds. 'Plu! addition of carl)onaceous 
material is beneficial and calcium oxide is .su])i)o,sed lo aid the 
reaction by de.stroying carbon monoxide. 

According to Moissan,* aluminum carbid(! do<‘s not naict 
with nitrogen at red heat. Idchter'’' states tliat tlu' aluminum 
carbide made at a very higli temt)<!ratur(! do(>s nol. readily rea,(!t 
with nitrogen and that tlu're was no rea<!(ion at I2()()''(l. 'Plu' 
experiments of Krasc, d’hom))son, and \e('' show tlmt crude 
aluminum carbide is only partially iutrilie<l at llOO'd'.. in 15 
minutes, 17.81 per cent of the aluminum (!hanging to nitride. 

Prescott and Hinckc'* (ind that lor the rea.(!lion 

4AIN + 8(1 = AIdh I- 2N,, 

the heat of reaction is 201,47S (adories. ,\l 1000”('. llm e((nilib- 

1 Fujiyama, T., U. S. Pat. 1,120,000, ,hm. 20, lOl.'".. 

2Hek,hhman, P. R., U. S. Pats. 1,1.S.S,771; 1,IS,S,772, .liine 27, 1010. 

* Barnett, M. and L. bitiKaoss, U. S. Pat. I,2.')2,010, .Ian. S, 10is. 

‘Hersiiman, P. R., U. iS. Pals. t,l.SS,700; 1|1.SS,770, .June 27, 1010. 

Moissan, ('ornpl. rcntl., 119, 10 -20 (l.SOI). 

“Ficiitbr, F., Exlracl Arch. «H. pliiia. wil., 36, 300 3S1 ( 1013). 

’ Krase, H. J., ,I. G. Tiiomi'son, and ,1. y. Yni.'., ■/. Ind. linn. iV/e/a., 18 
1288 (1026). 

* Lot:. cU. 
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iiiin pressure of nitrogen is 0.01 millimeter; at about 2525°C. 
he equilibrium pressure of nitrogen is 1 atmosphere. 

duminum Nitride from Alloys. 

Serpck soon gave up the idea of making aluminum nitride 
rom the carbide. The reaction between aluminum carbide and 
litrogen is explained by Caro^ as follows: By the action of heat, 
he aluminum carbide is decomposed into aluminum and carbon, 
nd the nitrogen then combines with the aluminum. In general, 
[lore nitrogen combines with aluminum carbide at 1150°C. if 
.letallic aluminum is present than combines with pure carbide, 
nd the largest yield conu^s when pure aluminum is used. Very 
ttlc nitrogen combines with the pure carbide, as at the above 
emperaturc the dissociation of the carbide is small. 

If the formation of aluminum nitride is dependent upon the 
eaction between nitrogen and the free metal, other methods 
an be used to better advantage. Apparently after meeting 
nth difficulties in the carbide method, Serpek attacked the 
roblem in a slightly different way. A powdered mixture of 
lumina (3 parts), carbon (1 part), and a metal (5 per cent), 
Lich as iron or copiier, which is capable of forming an alloy with 
luminum, is heated in an atmosphere of nitrogen to a high 
unperature.^ The alumina is reduced by the carbon, and the 
luminum alloys ii-self with the iron or copper. The reaction 
etween the aluminum and nitrogen is exothermic and, after 
H' alloy is fornuMl, k^ss exb'rnal heat is re([uired. The catalytic 
ifliKUKU' of chloriiK' and sulfur dioxide^ ui)()n naiction is 
gain iiKMit-ioiKMl, In anotiu'r nuThod,*^ iron is melU'd in an 
ka^tric furiuKH' and siqx'rsaturaled with carbon. Alumina and 
irbon ar(‘ addc'd whik' lh(‘ bath is kept in circulation with 
roducer gas. A })ossi})le exi)laiuition for the naiction is that 
u‘ UH't.allic aluminum, fornu'd by th(‘ nahiction of th(‘ alumina 
it.h carbon, alloys with th(‘ iron and tlum reacts with th(‘ 
itrogxm in tli(‘ prodiunn* gas to form aluminum nitri(k\ 

Making us(^ of tlie (‘xottuu’inic natur(‘ of tlie reaction betwe(m 
uTo-aluminum and nitrogen, Serp(^k‘^ heats a mixture of 
> CUiio, N., Z. am/rw. Chrtn., 23, ‘2405 -2-117 (lOOO). 

-Seupuk, O., V. S. Pat. SSS,()44, May 10, tOOS. 

Sekpkk, O., Br. Fat. ir),00() (1000), Oct. 11, 1000; Fr. Pat. 415,216, Sept. 
[, 1010; Ger. Pat. 216,746, Nov. 30, 1000. 

‘sSeupek, O., U. S. Pat. 1.155,840, Oc.t. 5, 1015; Fr. Pat. 474,330, lk4). 
f, 1015; Ger. Pat. 367,767, Jao. 25, 10‘23. 
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ferro-aluminum, bauxite, and carbon t.o a temperature of 12()()"(]. 
in an atmosphere of nitrog’cm. Tho tenipcu'atun^ rises to about 
1850°C. and then slowly falls, remaining- for 5 hours above 
1500°C. In a later patent^ he numtions th(^ use of catalytic 
bodies, such as oxides, sulfates, aluininuni (luoride, or aluininuni 
carbide. The aluminum-iron alloy also may l)e (.reatcul*' wii,h 
nitrogen at 1250 to 1300°(1. in a BessenuT (yp(^ of fiirmua^, thus 
saving a second heating. Silicon and titanium are said to 
assist in the fixation of nitrogem. 

Badin'^ heats a mixture of carbon and bauxiU^ (U)nl,aliung 
30 to 60 per cent iron in the ek'ct.ric furnaces Mho n'sulting* 
iron-aluminum alloy is finely dividcul, moist.(aied, and (‘xposcnl 
to the air. A tcmpcmiture of 2()0()°(t is said to d(^v(‘lop without 
the addition of external heat and aluminum cond)in(‘s with 
pure nitrogen or the nitrogen of tlu^ air. Bun(‘t' s(.a,i.{‘s Unit 
more nitrogen is fixed if calcium ca.rbidi^ is addial to the 
ferro-aluminum. 

Gerber*'' heats alumina or aluminum silicat(' witJi c,a,rbon in 
the presence of iron. Most of th(^ impuritic^s volaUliz(‘ or 
combine with the iron to form an alloy. TIh^ uioli(‘n alumina, 
is treated with nitrogen anti a reducing agtml, to form tin* nitridt', 
electric energy being used to supply t!i(‘ n(‘C(*ssa,ry lunit for t,h(‘ 
reaction. 

Krase, Thompson, and Ytu^ (lor. vU.) (‘xjMU-iimmlnd wilh Uk^ 
production of ferro-aluminum alloys by th(‘ rtMluclion of iron 
ore and low-grade bauxitt' with tiarbon in Uk* (‘ha^trit^ furna,(U‘, 
and obtained alloys containing 5 to 50 ]H‘r ovnl aJuminum. 
The nitrification experimt'nl.s showtal tluit m(‘ta,lli(^ (\‘tl(*ium a,nd 
titanium in the ftu’ro-aluminum alloy dta’.rtx'ist', wliile imignt'sium 
increases, the amount of nitrogtm a.c.luaJly (^ombint'd. Mois¬ 
tening the alloy with wafer, or adding hydrogtm lo llu* nilrogeii 

^ SniiPEK, 0., u. s. Put. S(‘i)(. la, laic,; \\v. I'ju. ‘J7,!)71(lai.’u 

Aug. 7, lai-I; Fv. Puts. K(‘l). 17, l<)15; 170,01)0, .\u^-. 1>(), HIM; 

Lsi A<1(1. 19,.S()2, Oct. 7, IDlf); Ocr. Pul. ;i()0,0;iS, S('i)l. 21), 1022. 

“Soc. Gen. dios Nitiujuns, Fv. Put. 170,01)1), Au^'. 20, IDII; lU* P.ul 
27,030 (1913) Apr. 2, IDM. 

MUdin, a., U. S. Put. 1,19(),()31), Auir. 21), 1910; Fv. Pu,l. 171,300, tVh. 
IS, 1915; 1st Add. 19,.S03, Ocl. 7, 1915; Br. I'ut. 22,5S0 (191 1 1 , 19-1.. 11,1915. 

‘‘liuNET, P., U. 8. Put. 1,190,057, Auk. 29, 1910; Br. I';i(.2S,071 (1913), 
Pci). 20, 19M; Pr. Put. ^170,121, .luiy 13, 1915. 

'’Geubck, V., U. S. Put. 1,350, Ml), Auk. 17, 1920; P,r. Pu,l. 139,195, Mar. 
31, 1921; Gcr. Put. 313,793, Nov. 10, 1921. 
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iauscd a decrease in the nitrogen absorption. Practically 
iomplete nitrification of the aluniinuni in the alloy can be 
)btained if a small quantity of chloride or fluoride of an alkaline 
‘arth metal or aluminum be added to the alloy before it is 
litrified. 

According to Hershman/ aluminum skimmings are heated 
vith carbon in a closed retort to 1200°C. and then quickly 
exposed to the air. The temperature rises and aluminum nitride 
3 formed. Sulfur (or sulfur compounds) is said to catalyze 
he redaction between metallic aluminum, carbon and nitrogen.'-* 

Giulini'^ claims that if metallic sodium vapors are used as the 
educing agent instead of carbon, the reaction between alumina 
.nd nitrogen will take place at a lower temperature, an electric 
urnace not being required. It is not necessary to add metallic 
odium, as it can be generated directly in the furnace by the 
eduction of sodium carbonate or oxide with carbon. 


duminum Nitride from Alumina, Carbon, and Nitrogen. 

The production of aluminum nitride from aluminum carbide 
r aluminum alloys not being comuKTcially successful, another 
lightly difhnxmt process was finally brought out. After con- 
ideral)l(^ experimentation, Serpek found that aluminum nitride 
ould 1)(^ made by lu'ating alumina and carbon in an atmosphere 
f nitr()g(m at a hmqx'rature around bSOO'^Ck or (wen lower, a 
Loticeabh^ ix'action taking place at 11()()°(\ Tlu'se temperatures 
re so low that ilu' formation of aluminum carbide or aluminum 
;i an at inosplu'n' of nitrogem would b(‘ imi)()ssibl(\‘^ 

An (‘arlicu* pat(mt to Willson*’ states that nudallic nitrides 
lay !)(' pn'panal by laxiting the oxide of the nu'tal with carbon 
nd nit,rog(m in tlu^ eU'ctrie furnace. The (^xampk^ giv(m in 

> UniisiiMAN, l\ R., U. S. VtiL l,22<),()ll, June 12, 1<)17. 

■-*Si 0 RiM 0 K, ()., Fr. Pal. •I2{vSt)S, July 20, P)U. 

-‘(tiuiUNi, (i., U. S. Pat. l,l.S(),SI(), A})!-. 25, ItllO; Fr. Pat. 451,405, Apr. 
S, PUS; (Jcr. Pal. 205,573, July 2, 1010; Swiss Pal. ()2,SU), Nuv. S, 1012; 
4- Pal. 25,S71 (1012), Aug. 21, 1013; Norw. Pal. 27,t)lS, F(‘l). 5, 1017. 

'PSuRPUK, ()., U. S. Pal. OS7,10.S, Mar. 21, 1011; Hr. Pal. 7507 (PK)0) 
au. 20, 1010; C'au. Pal. 134,72S, Aug. 1, 1011; Fr. Pal. 411,031, June 0, 
010; G(‘r. Pal. 224,028, July 21, 1010; S\v<*(l. Pal. 28,701, Apr. 30, 1010; 
wiss Pat.. 48,470, May 18, 1000. 

Willson, T. H., Hr. Pal. 21,755 (1805), Sepl. 10, 180(). 
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the patent is for magnesium nitride, hut aluminum nitride is 
also mentioned. 

Furnaces. 

Many difficulties were eiicouiiteuMl in {itt(nn])ting’ th(‘ eonunoreial 
operation of this process. For (‘xanipl(», tlu^ fiinnuu^ Iini!i|i»;s hn^ak 
down at the very high temperatures iioci^ssary for siK^cc'ssfuI oiH'ration. 
Serpek suggested the use of aluininuin nitri(I(* its(^ll as a furnn,(‘(‘ lining, 
although carbon or graphite is usually numtioned. 'Tlu^ reaction its(‘lf 
requires a large amount of lu^at, and for (uu)nomieaJ ojx'ration tli(‘ 
reacting substances should he ])reli(Mit{al. 'ilH‘ sp(mL gases (doming 
from the reaction zone arc usually used to prelnait (Jui solid inai(‘rial 
as it slowly passes through the furnace, and Uk^ hot aJuminiim nilahh^ 
is utilized to heat the nitrogen or nitrog(m-eonta.ining gases whieii aui 
traveling in the opposite dinahion to tlu^ flow of soIi<l mat-(*rial.' Accord¬ 
ing to Sigrist,^ it is advantageous to hav<i tin' h(»it(‘st nitride* in eontaeh. 
with the concentrated nitrogenous gas(^s, siiu^e aJuminum nitride* eloe*s 
not decompose in the ])rcsonoo of piire^ nitrogeui. 

The reaction between alumina, carl)e)n, and nitre)g(ni is ((‘rre)ne‘e)usly) 
supposed to take place very rapielly at a high t(unp(U'a,iiire^ aiiel varie>us 
patents have described pre)cesses in wliiedi the* flne'ly (liviele‘el mate'rial 
is projected through an ekaitric arc or ove'r re*sista,n(*(* e*le*ine*nls in the* 
presence of nitrogen,^ or through a flame pre){liiee‘el by the* ee)m))ustie)n 
of an excess of carbon in air, with the; pre)(liie!tie)n e)f almost e‘xe*IuHi\a*ly 
carbon monoxide.'^ If the teinpemiture e)f the* flame* is ne)t liigh {*ne)ugh, 

1 Serpek, 0., U. S. Pat, ()()(),082, June^ 20, 11)11; (ljui. Pa,l,. 18 1 , US I, 
Apr. 28, 1913; Br. Pats. 13,0S() (11)10), Fe9). 28, 11)11; 28,r)l I (IDll), Pel,! 
29, 1912; 22,435 (11)12), Jan. 28, 1918; (l(*r. Pat. 281),1)01), Od. 80, 11)11; 
Fr, Pats. 430,822, OvX. 25, 1911; 427,101), July 27, 1911; ls( Add. 17,217),’ 
July 26, 1913; 2nd Adel. 1S,S()6, July 27, 191 l'. 

CouTAGNE, G., Fr. Pat. 4()2,1()2, Jan. 2S, 1911. 

Duncan, H. L., U. S. Pat. 1,211,881, Oct. 2, 1917 
^SiauisT, J., Fr. Pat. 5-18,r)21), Se*pt. 5, 1922. 

3 Serpek, ()., U. S. Pats. 1,217,812, Fe*)). 27, 1917; 1,288,92.7, July 17, 
1917; 1,212,119, Jan. 9, 1917; Hr. Pat. 21,781 (1918), iMur. 12, 1911; Vv. 
Pat. 478,886, Jan. 14, 1916; Swed. Pat. 41,510, Ne)v. 1, 1910; Swis.s Pal. 
71,804, Feb. 16, 1916. 

Soc. Gen. des Nituuios, Br. Jhit. 28,740 (1918), Apr. 80, 191 I. 

Serpek, 0., U. S. Pat. 1,233,920, July 17, 1917; Br. Pat. 2 1,7)88 (191 h, 
Mar. 4, 1915; Fr. Pat. 488,554, Ovl. 21, 1918; Norw. PaJ. 27,528, Jan. 8, 
lf)17; Swiss Pat. 74,225, Fe*!). 1, 1917. 

Badin, a., if. S. Pat. 1,143,182, June* 15, 1915; I*’r, Pa,l. 17 1,820, .M.-ir, 
12, 1917). 

Soc. Gen. DEH Nitruuks, Ge*!*. Pat. 357,899, S<‘p(. 2, 1922; Hr. Pal. 
101,001, Mar. 8, 1917. 
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be gas may be passed through an electrically heated zone before 
oming ill contact with the solid material. In several patents/ the 
itrogen is preheated by passing through the electrodes of a special 
rc furnace (or through tubes next to the resistance furnace), and then 
till further heated in the cavity around the electrode before coming 
1 contact with the mixture of alumina and carbon. Serpek^ preheats 
\u) nitrogen to 2()00°C. in an electric arc or resistance furnace before 
} is jiassed over a mixture of alumina and carbon in the form of bri- 
uettes or through a freely falling powdered mixture. 

Serpek'^ descrilies a siiecial process to eliminate the formation of 
arihdes, wherein the iiowdered alumina and carbon in the presence 
f nitrogen are fed over and in contact with heated resistance elements 
diich are kept in motion. This was to be accomplished in a furnace 
f the rotary type. The mass should not become overheated and 
'irbide is not formed at IbOO to 20(}0°C., the temperature of the reaction, 
'he resistance elements may be made from suitable proportions of 
luininum nitride and carbon. Semi-commercial trials of this furnace 
lowed it to be impractical. 

Bunet-‘ describes a process in which the mixture of aluminous material 
nd carbon acts as the heating resistance, the nitrogen coming in contact 
itli the material as it passes through the furnace. In patents to the 
ociete Cldndrah^ des Nitrures,'' the alumina and carbon are made into 
riciuettes, a,n excess of carbon being used in order to insure a uniform 
ow of ciirnmt through th(‘ bricjindtes, which act as the resistance 
enient in ihi‘ furnace. Otlu'r good electrical conductors, such as 

iSnimioK, ()., U. S. Pat. l,()()(),r)()(), Apr. 2^), 1013. 

Aluminium Industiuk, A.-G., Pr. Pat-. -1()f),S()7, Apr. 2S, 1014; Ist Add. 
),07r), Doc. 30, 1015; Norw. ihit. 27,191, Aug. 14, lOlO; Swiss Pat. 02,977, 
cl). 1, 1022. 

So(!. Gun. (1(‘s Nrntoitns, Pr. Pat. -1.50,17S, Mar. 17, 1013; G(M’. Pat. 
)(),S()2, Oct. 31, 1913; Hr. Pat. S,317 (1912), Aug. 1, 1!)12. 

"SmumK, ()., Pr. Pat. 130,322, Oct. 25, 1911; Hr. Pat. 23,511 (1011), 
cl). 20, 1012. 

So(!. Gun. DUS Nitiuiuls, Hr. Pat. 11,271 (1015), Dc(‘. 2, 1015; Pr. Pat. 
rs,S<S(), Jan. 14, lOlO. 

MSKiti-uK, ()., V. S. Pat.. 1,030,021), July 2, 1012; Hr. Pat. 12,()01 (1010), 
('!). 2 , 1011 . 

Hu NUT, P., U. S. Pats. 1,145,717; 1,115,71S, July 0, 1915; Pr. Pat. 
)7,723, Sept. 24, 1!)13; Hr. Pat. 24,3-17 (1013), Apr. 1(>, 1914. 

Sou. (JuN. DOS Nithukls, Hr. Pats. 10,075 (1013), Nov. (), 1013; 11,001 
013), P(4). 5, 1014; Pr. Pat. 457,(350, Sept. 22, 1013; Dutch Pat. 1,270, 
in. 15, lt)17; (G. A. 11, 1002, 1017). 

Sc(‘ also Pr. J>atH. •1()3,300, Pcb. 20, 191-1; 474,233, 104). 12, 1015; 510,103, 
uv. 20, 1020; 430,50(3, Mar. 30, 1012. 
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metals, may be su])stitLitod for tlie exeess earhoiid Shoeld- (l{‘S(‘ril)e,s 
a process wherein tlie alumina and carbon an^ madc^ into l)ri(jn(‘U(‘s 
and are then used as the resistor in a-n elec.tric! furiUKun A tcmiixn’atiire 
of 1800 to 2000°C. is recjuirod and, in ord(‘r to utili/x^ tin' luxit, tlie 
nitrogen, flowing in a dinxition opposites to thiit of tln^ solid ina.t(n’i}d, 
is preheated ])y the material wliicli has naictcxl, whih^ th(‘ sp(mt gas('s 
l)reheat the-solid maha-ial Ix^lore it (mt(‘rs tlu^ r(^action :^one. In a 
later patent,’'* Shocld describ(^s a procu^ss whh^h insiir(\s a inor(^ uniform 
flow of current and nitrogen through tlni r(^a.cting mah'riaJ. d’he 
alumina and carbon are l)ri(iU(U‘4.(Hl into tin' form of (!ylind(‘rs (2 by 
1.75 inches) and mixed with irn^guhu’ly sha,p(ul non-fusil)I(‘ (carbon 
resistors 5 to 6 inches in dianudxu’ and phuuul in tin* (‘l(‘etri(^ funuKui. 
After the reaction has tak(m phuu^, tln^ n^sistors and tln^ aJuniinum 
nitride may he separat(ul by nuxihanical men,ns. In tin* proex^ss invcmhul 
by lioopes'* and develo])e(l by Aluminum (lompa,ny of AuKU'ie.a, th(^ 
mixture of carbon and {ilumina is madc^ into ;i self-susta,ining j)orous 
mass and used as a resistor in an (^hah-rie furmuua The nitrog{m e,a.n 
easily penetrate the porous solid matcu’ial. 

In order to increases the temp(U’atiir{\ ('Outjigiuv'* introdue(‘s a, niixtun', 
of combustihle gas and oxygen into thc^ (hia,nih(‘r in which nitrog(m gas 
and briquettes of alumina and carbon ar(‘ (Tuh.ricjiJIy luaihal. Ihu'sh- 
man** heats the charge f)f aluminous mahu’ial Ix'fore it- is nitrili('{l, by 
burning some highly heatcxl gas. 

A number of patents e-oyering the design of furna,c(\s fur tln^ production 
of aluminum nitride will not; l)e analyzed, hut an^ lishxl for purpost^s 
of referenced 


^Soc. OioN. DUS NiTuiums, Hr. Pal,. (lUCI), Apt-. !), lUI I 

^Shoeld, M., U. H. Pal. 1,271,71)7, Aug. (i, lUlS; Pr. I>a,(. 11)7,2;)l), Ihr, 
2, 1911); Ger. Pal. 3-19,481), Mar. 2, 1922. AitMomt Pmerna/.KK, WuitKs, Hr 
Pat. 122,S29, Apr. 0, 1920. 

^SHOELI), M., U. S. Pal. 1,811,158, ,hni(‘ 22, 1920: P,r Pal, 1 10,919, 
Jan. 27, 1921; Fr. Pal-. 505,798, Aug. 0, 1920; A us. Pn,l. 100,0s7, Aug. 10, 
1925. See also U. S. Pals. 1,271,79 1 to 1,271,79S, Aug. 0, 191S. 

‘‘I-IooPES, W., U. S. Pais. 1,898,870; 1,808,871; 1,898,872. Od. 11 1921 • 
1,415,036; 1,415,440, May 9, 1922. 

CoTJTAGNE, G., Fr. Pat. •172,105, I)(‘c,. S, 191 L 

See also U. S. Pat. 1,15S,S99, Nov. 2, 1915; Fr. I‘als. 180, 7S9, .\pr. 1, 
1912; 469,554, Aug. 4, 1914; 1st Add. 19,920, Nov. 15, 1915; Ger. Pal.' 
824,807, Sept. 3, 1920; Swiss Pat. 08,989, Ma-v 17, 1915; Hr Pal 12 057 
(1914), Dee. 10, 1914. 

'M-Iersiiman, P. Ih, U. S. Pat. 1,250,871, I)(‘e. IS, 1917. 

' AurMiNiUM-lNnusTmE A.-G., Svvi.ss l‘at. (>8,825, Mar. I, 1915; Norw 
Pat. 28,072, Mar. 25, 1918. 

Serpek, O., Fr. Pat. -127,000, Jidy 20, 1911; Isl A.Id. 18,958, Aug. IS, 
1911; 2nd Add. 11,888, Aug. 81, 1911; Swiss Pal. 52.902, Ma,y 28, 1910; 
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Special Mixtures. 

The patent literature records a wide variety of detail with respect 
rO the composition of the mixture and special conditions to be used in 
)roducing aluminum nitride. The suggestions of Sinding-Larsen/ 
^eacock,^ Bosch and Mittasch/*^ Serpek/^ and Hershmair'* have had no 
)ractical application. The addition of free hydrogen to the nitrogen 
s said by Serpek‘> to facilitate the reaction. Herpek^ has also suggested 
he addition of iron oxide and manganese carbonate as catalysts; 
Jautrelet^ uses organic manganese compounds, while De Chahnot/-* 
j(crl>er,^‘’ and Guilini^^ emi)l()y alkaline earth compounds to pnjinote the 
eaction. Fraenkel and Silbermamd^ have shown that the nature of the 

h'r. Pat. 240,334, Apr. 2{), 1012; Br. Pats. 20,290 (1010), June 15, 1011; 
!0,715 (1010), Sept. 7, 1011; 16,522 (1910), Fol). 9, 1011. 

DB Loisy, M. C. J. E., U. H. Pat. 1,306,720, Jan. 25, 1921. 

Edwin, E., U. S. Pat. 1,263,380; 1,263,390, Apr. 23, 1918. 

Ellis, C., Br. Pat. 25,630 (1912), May 22, 1013. 

H BUM AN, E., Ger. Pat. 319,046, Fob. 23, 1920. 

Lindblad, a. R., U. S. Pat. 1,311,568, July 29, 1010; Norw. Pat. 30,880, 
uly 12, 1020. 

Bnydkr, F. J., U. 8. Pat. 1,305,414, June 3, 1919. 

1 SiNDiN(i-LAiisBN, A., IJ. 8. Pat. 1,042,723, Oct. 29, 1912. 

" Peacock, 8., U. 8. Pats. 1,123,585, Jan 5. 1915; 1,154,800, 8opt. 28, 
015; 1,134,414, Apr. 6, 1015. 

Boscii, O. and A. Mittasch, U. 8. Pat. 1,054,901, Mar. 4, 1013. 
GSehbek, O., U. 8. Pat. 1,060,640, May 6, 1913; Br. Pat. 25,141 (1011) 
Joe. 21, 1011; Fr. Pat. 438,200, May 10, 1912; 1st Add. 15,344, June 18, 
012; Norw. Pat. 23,312, May 13, 1913. 

Serbek, ()., ir. 8. Pat. 1,016,526, Fob. 6, 1012; Br. Pat. 17,611 (1009) 
Illy 20, 1010; Fr. Pal. 104,023, D(hl 15, 1000; Gor, Pat, 24(>,U0, May I, 
012; Gan. Pat. 130,031, Doc. 20, lOlO; Norw. Pat. 21,712, Oct. 2, 1011; 
Iwod. Pat. 31,007, l)(‘c. 23, 1011; Swi.ss Pat. 52,901, May 23, 1910. 

•’ IIershman, P. 1{.., n. 8. Pat. 1,188,651, Juik^ 27, 1016. 

'■>8eri>ek, {)., II. 8. Pal. 1.078,313, Nov. 11, 1913; Br. Pat. 8,348 (1012) 
uly 25, 1012; 8wiss Pat. 60,535,Apr. 4, 1012. 

78Knu>EK, ()., IJ. 8. Pat. 1,001,171, Ai)r. 21, 1014; Hr. Pat. 8,340 (1012) 
Vug. 8, 1012; Fr. Pat. 450,140, Mar. 15, 1013; 8wi.ss Pat. 60,536, Apr. 1, 
012. 

De'I’ Norske N itrid-Aiciueselskab, Norw. Pat. 23,472, Jun(‘ 23, 1013. 

” GAU'rKEi.ET, b. G. E., Fr. I*at. 474,503, F(‘l>. 24, 1015. 

•’ De (In a I. mot, G., F. 8. Bat. 711,306, Oct. 13, 1903. 

Gerber, V., Br. Pat. 100,667, June 28, 1023; Fr. Pat. 550,287, 8('])t. 
2, 1023. 

" GniLiNi, GebrOder, Br. Pal.. 22,837 (1013), Juin^ 17, 1015; Fr. Pat. 
1)3,232, F(4). 17, 1011; G(m-. Bat. 281,531, May 31, 1015; Aus. Pat. 72,238, 
Vug. 10, 1016. 

t'RAENKEL, \V. aud 4. 8iLBEitMANN, A. Elcktrorhcni., 22^ 107-109(1916); 
7/cm. Zcn.tr., 1, 1011 (1916). 
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carbon influences the rate of the rem^tion, wood cluinioal ap))jir(jnUy 
being the best, because of its alkali content. 

Bosch and MittasclB add silica, and 5 to 10 |)( 3 r (!out of fitnnia or 
zireonia, with the idea of forming stable nitrides, and lowering the 
time and temperature of lieatiug uo(!Ossary to form nitrides, while 
PeniakofP employs an alkaline earth aluminate In^atcMl with {uirl)on to 
absorb the nitrogen. 8 till other suggestions iindinhi the use of boric 
anhydride,'^ and Coutagne'^ lists oxygen compounds of siIi(‘on, (uilcium, 
barium, aluminum, boron, and titanium, as constitiumts of a suitable 
mixture for heating with carbon and nitrogen in the pniparation of 
nitrogenous compounds. 

Moiitemartini and Losamd' have investigated tlu 3 possibilititw of 
using potassium and aluminum silicates for tluj fixation of nitrogfin 
or the production of nitrides. 

The preparation of an alleged alumiiuun c-arbonitridt^ with tlui 
formula AI 2 N 2 .C 3 N .1 is described in a, series of patents by P( 3 a,(!o(*k. A 
mixture of carbon and nitrogen is heated under redmaMl [)r(^ssur (3 (HbO 
to 400 millimeters Mg) at a temperature of JhOO^Ch^ If ordiiuiry 
pressure is used, higher temperatures im\ n^juinHl. The aluminum 
carbonitride is sui)posed to volatilize and distill during the reaction. 

The work of Peacock was repeated ])y Ih’aenlnd' and not the sligliU^st, 
indication was found of the formation of carbonitri(l(‘ ,M,t lowcn* pr( 3 ssur{‘s, 
although somewliat greater lixatiou was obtaiiKul at. th(‘ nsluci'd pr(‘s- 
sures. The results were very similar to tJiose obijiined at M.tin()sj)h(M’i(^ 
pressure. 


Uioscii, C. and A. A4 ittasoh, il S. Viil. f,027,:iP2, May 21, 1012; Wy. 
Pat. 16,308 (1910), Fch. 0, lOlI; Pr. Yal. 118,-125, ])vv.. o/l 010; ( {(m-. V.a(. 
243,830, Fob. 23, 1012; (Vm. Pat. 135,871, Oct. 3, 1011; Swis.s 52 27‘> 
June 25, 1910. ’ 

2 Peniakoi-'f, D. a., U. S. Pat. 1,150,080, Nov. 0, 1015; Fr Pal, l()5()7o 
Apr. 22, 19H. ' '' 

MSoo. Gen. DKs NiTitUHus, Fr. Pal. -137,168, A])i-. 15, 1012- Hr l>a( 
3,344 (1912), May 0, 1012. 

^CouTAGKE, d, Fr. Pat. ^137,50-1, Apr. 23, 1012; 1st Add. 15,771, Sent 
19, 1012. ‘ ■ 


Moivtismautint, G. and L. Losana, (honi. chiui. in-d, (n}j)li('<tta 6 
487A)5 (1923). " ' 

« Peacock, S., U. S. Pats. 1,031,581, July 2, 1912; 1 035 727 -Xug 13 
1912; 1,120,509, Feb. 23, 1915; 1,M3,132, June 15, 1915; 1,131,081, Ma/ 
30, 1915; 1,129,224, Fel). 23, 1915; 1,137,52-1, Apr. 27, 1915- 1 15-1801 
Sept. 28, 1915; Fr. Pat. •1-18,550, Feh. 3, 1913; Hr. I5its. 11,395 (1912)! 
May 13, 1913; 11,390 (1012), May 13, 1013; 11,30-1 (1012) Feb. 20, 1013; 
11,303 (1912) May 13, 1013. rV/m. En(/., 18, 2-12 A; {(\ .1.8, 1062,'lOl-l)' 
See also U. S. Pats. 1,120,506; 1,120,511; 1,120,721, Feb. 23,’ 1015; 
1,134,413, .\pr. 0, 1015; 1,031,582, July 2, 1012; Hr. Pat. 11,301 (1012) May 
13, 1013. 


IniAENKEL, W., Z. Elaklrocham., 19, 362 373 (1013j. 




ELECTHOTHmUAL PROCESSE.^ FOR ALUMINA 265 


lecomposition and Purification of Aluminum Mtride. 

Aliiminiun nitride might be used directly as fertilizer, but is preferably 
ecomposed to form alumina and ammonia. According to an early 
atent to Serpek/ the aluminum nitride is decomposed by heating 
dth water under pressure at a temperature not exceeding 200°C. 
lershman*'^ treats the hot aluminum nitride as it comes from the 
itrifying chamber with superheated steam at about 600'^C. The 
ddition of calcium oxide is said to help the reaction. Later patents 
) Serpek'^ recommend the use of sodium aluminate lye (20 to 21°B6.) 
1 whicJi tlie ratio of soda to alumina is four or five to one. The aln- 
linum nitride is decomposed at boiling temperature with or without 
ressure. Tlie iron is in the reduced state and does not dissolve, and 
1 C silicii is jilso alleged to be insoluble in the weak lye. According to 
tlier patents,’^ the aluminum nitride is digested with strong sodium 
ydroxide to obtain ammonia and alkali aluminate, from which the 
lumina is ol)tained by the ordinary Bayer process. 

Coiitagne*”’ states that pulverized aluminum nitride may Ije decom-' 
osed at atmospheric, pressure by heating with an alkali or an alkaline 
irth oxide above 200°O. in tlie iiresence of water vapor. Milde'*’ uses 
mixture of sodium carbonate and calcium hydrate to decom])ose the 
luminum nitride. A stronger alkali aluminate solution is said to be 
l)tained by using this mixture than if the alkali were prepared liy a 
^parate reaction. 

According to Serpek,*^ metallic iron may be removed from the a,lii- 
linum nitride by means of dilute acid or chlorine without decomposing 

^ Serpek, O., it. S. Pat. 884,423, Apr. 18, 1908. 

“ IIersiiman, P. R., U. S. Pat. 1,201,520, Ajir. 2, 1918. 

•SSeri'Ek, ()., U. S. Pats. 1,007,495, Oct. 31, 1911; 13,509 R(4s.suc, Jam 
, 1<)13; 1,040,43t), Oct. 8, 1912; Hr. Pats. 13,088 (1910), Pch. 2, 1911; 
5,997 (1909), S(‘pt. K), 1909; Pr. Pats. 4 15,252, Sept. 22, 1910; 151,130, 
Ty 4, 1913; Oan. Pats. 129,()19, Nov. 20, 1910; 145,508, Jam 28, 1913; 
5 .4. 7, 1142, 1913); Norw. Pal. 23,290, May 5, 1913. 

■'Soe, (Ien. i>es Nitiuirks, (ho'. Pal. 24 1,339, Nov. 30, 1911; Norw. Pal. 
1,707, S(‘pl. ‘25, 1911; Swi.ss Pat. 52,271, May 25, 1910. 

Serpek, <)., Fr. I^al. 427,110, July 27, 1911; Sw(m1. Put. 32,1()3, Jan. 
:), 1912. 

()()UT.\(JNE, (J., Fr. Pal. 4()(),980, May 29, 1911; (ler. Pat. 327,100, 
v.t. 9, 1920. 

»Mili)E, K., U. S. Pal.. 1,115,003, Oct. 27, 1914; Fr. Pal. 459,093, Oct. 
5, 1913. 

mSERi'EK, ()., II. S. Pat. 1,OK),520, F(4). (>, 1912; Hr. Pat. 17,(H 1 (1909), 
Illy 29, 1910; Fr. Pat. 404,923, Dec. 15, 1909; (Wv. Pal. 210,119, May i, 
912; ('am Pat. 130,031, Dec. 20, 1910; Norw. Pat. 21,712, Del. 2, 1911; 
wed. Pat. 31,997, Dec. 23, 1911; Swiss Pat. 52,901, May 23, 1910. 
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the nitride. Jiosoh and JVIitta,seh‘ a,(ld liinitod (luaiitdies of jutids, 
bases, or salts, sucli as aluiniiiiini sulfab^, to the aliimimiin nitride, in 
order to decompose the nitride, but not the inipurititis prescmt. T(nn~ 
perature and time are important facd/ors in a si^paration of this nature. 
In a later patent,^ they treat the {U‘ud(^ mixtun^ with dilutee suiruric 
acid to destroy sulfides, silicides, and phosphides. Sbium pass(id over 
the crude nitride for 2 hours, or chlorine for a h^s tiim^, <l(ua)mposes 
sulfides, silicides, phosphides, and carbides (ternpcu'atiire lOO to dOO'^Ch). 
If desired, the impurities in tlie nitihh^ may )k‘ oxidi/(Ml by the air at 
about 700°C. and tlien leacihed with dilute sulfuric- ac-id. 

According to Palacin,’^ aluminum nitride may Ix^ oxidi/aa! catalyticadly 
to form aluminum nitrate. 

If aluminum nitride is heated with hydrogen Ixhow »‘^()()''(h, a-himinmn 
hydride (?) and ammonia are said to formd 1 legating tlu^ hydride 
with nitrogen gas at a temperature abovui ■1()()‘"(gi\'(‘s tlu^ original 
aluminum nitride and more ammonia. Acxuirding to Ka-is(U‘/'* aJiimiiniin 
nitride reacts with hydrogen sulfide to form a,luniinuin sulfid(‘ and 
ammonia. Nitrogen is supposcxl to convert the sulfidci in(,o a.hmiinuni 
nitride at a temperature of 500 to 7()0°(h, thus (ioniphdhig iJu' eych'. 
Obviously, there is sometliing wrong with tlu'-sc^ last thnx' proc(^ss(‘s, 
or they would lie used for the prodmdion of nitri(! acid ami ainnionia,. 

Summary. 

The nitride process lias everywlien^ faihxl to inad(‘rializ(* in(-o 
a successful coinniercial jn'oeess, and it may i)(' w(dl to point 
out some of the difficulties (uic()uid,(u*(xl. 

In the first place, the Nmiptu-atun^ nxiuinxl for (Ji(‘ nitrifi(^ation 
of the carbon and alumina inixtuix^ is Iiigiuu* than tlia-t elainuxl 
in most of the pat(mts and must Ix' (xintrolhal within narix^w 
limits, ihis high tenpx'ratun^ promoti'S tlu' formation of 
carbides, which cause mon' trouhh^ tlia-n at first a,n(ieipa,l(xl. 
If overheated, the mal-i'rial liis(‘s togidInu*, (li(‘ |)or{)si(y, w'hieli 
is so essentia] for tlie pemd-ration ol tlu' nitrogiui gas I hi'ongliout 
the mass, is destroyed, and th(' nitrification (xaisi's Ix'fon* lh(‘ 
conversion into nitride is coinphded. It luis Ixxm poinind out 
previously that tln^ furnaee linings an' (jiiickly (h'sl roy<‘(l, 
especially at the higher tempc'ratun's. 1(, is also (‘ssemtial llia-l- 

1 Bo.scn, C. and A. Mittascii, ll S. Pal,. I,()ia,7{)S, Nov. I‘J, \w. 

Pat. r),3S2 (]91()), JVIar. 3, 1911; (\vv. Pat. 23.'),300, .hin(‘ S, 101 1, 

Uloscn, C. and A. hliTTAstm, If. S. Pat. 1,102,715, .liilv 7, Mil I; (\rv. 
Pat. 237,430, Aiig. 19, 1911. 

3 Palac’In, N. F. 0., Br. Pat. 203,123 (Void) applied for Nov. 0, 1023 

‘‘ Pka(’(x:k, S., U. S. Pat. 1,521,703, Jan. 0, 1925. 

^ Kai.stok, K., (for. Pat. 340,122, Doo. 2-1, 1921, 
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i reducing atmosphere always be maintained or the carbon 
nonoxide will burn and the aluminum nitride become oxidized. 

While it is fairly easy to decompose amorphous aluminum 
litride, the crystalline variety is much more stable. Extensive 
experiments in the laboratories of Aluminum Company of 
Vnuerica have shown that the decomposition of the aluminum 
litride by the Bayer process digestion is much slower and more 
ncoinplete than one would be led to believe from the literature, 
n blowing off the ammonia gas, considerable steam escapes 
md this loss materially increases the cost of producing alumina. 
Another very serious problem is the elimination of silica from 
he aluminatc solution, since the ordinary desilication pro- 
edures employed in the Bayer process do not satisfactorily 
)recipitate the silica. Why this should be is not definitely 
:nown, but at the present time the digestion difficulties alone are 
ufficicmt tc» rule out the nitride process. 

A' SULFIDE PROCESSES 

Aluminum sulfide is a yellowish solid which smells rather 
trongiy of hydrogen sulfide on account of its reaction with the 
loisture of the air. Its lieat of formation is considerably below 
liat of aluminum oxide and, consequently, a number of inventors 
ave proposed to use it to replace the oxide in the electrolytic 
ath, expecting a lower power consumption pen* pound of metal, 
ts cost, its objectionable and poisonous odor, and the sulfiirous 
!is('s whi(ffi would be evolved from the bath, however, mak{' 
,s us(' for this })urpos(' (|uit(‘ impractical. Its use as a diluent 
)r fus(Ml ahimina in (he Ilaglund procc^ss has alnuidy b(Hm 
isciiss(‘(l (p. 210). S{*li()(‘nl)(‘rg' us(‘s amounis of sulfide l(‘ss 

lan o jK'r cent (o inen‘a.s{‘ \ \w Iluidily of moHam alumina. 

Tli(' sulli(l(‘ i)r()(*('ss(‘s foi’ (h{‘ ])r()duction of aluminum or pure 
lumina a,r(‘ (‘sscmlially funiae(‘ pr()(U‘ss(‘s. Aluminuiti sulfides 
ui 1)(' pr(‘pa,r(‘d only by a dry nuhlmd, sine.{‘ in th(‘ pr(‘S('nc(‘ of 
a,l(‘r (h(‘ (compound hydrolyzc'S into hy(lrate<l alumiiui and 
y(lrog(m sullidc'. yVtuminum sulfid(‘ migh(- Ik' naluecd to 
uminum by ('hahrolyzing in a fiiscal sulfides bath, or may bo 
fst convenied inl^) alumina which is them us(‘d in tlu^ reguhir 
•yolil,(' bal li. 

\hiri()iis pn)(‘(iSsos have he(Mi suggested for the production of anhydrous 
muinuiu sulfide. first to he (considered will he those which use 

1 HenoKNiU'UKi, (1. Br. Ba(.. 270,S7(), Mar. I, lf)2.S. 
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carbon disulfide, carbon oxysLil{i<le, or sulfur vapor as sulfidiziiip; aj;i;euis. 
Jaeniiigeid heats a uiixturo of alumina and sodium carhomite with 
(iarlx)!! disulfide and then electrolyzes the fused liath in {in {ilmospliere 
of carbon disulfide, reuiakoff- heats {inhydrous {ilumiuum suhiite 
with carbon disulfide to a dull red he{it {uid obtjiins aluminum sulfide, 
elementary sulfur, and carbon dioxide. Double sulfides of aluminunr' 
are prepared by heating anhydrous {ilumiini with oxysjilts of imdnls, 
such as sulfates, phosphates, etc., together with (sarbon disulfide or 
carbon oxysulfide. The mctjillic alumimites {ilso nuiy b(^ converted 
into double sulfides by heating with carbon disulfide, c-{irbon oxysulfide, 
or sulfur vapor.'^ It is stated that this reaction is exotlu^rmi(^ in n.'iture.^’ 
J31ackinore® proposes to dissolve alumina in {i molten electrolytic (con¬ 
sisting of 2 p{irts cryolite and 1 part pobissium fluoridic {uid then jiass 
carbon disulfide through the molten nuiss to form {iluminum sulfide. 
Me also st{ites that an electrolyte consisting of (cryolite {ind {i mixture 
of potassium and sodium chbrides melts .at .a lower t{nnp(cr{itnr(c tluin 
the ordinary electrolyte. Alumina dissolvi'.d in this el(ud,rolyt(c resicts 
with carbon disulfide to form aluminum sulfide whi(cli dissoUacs, {ivoiding 
the formation of a crust or film.^ Accjording to fonugn j).atents,^ 
feldspar and similar substaiuccs {ire trciited with sulfur voipor to form 
a mixture of potassium and aluminum sulfidccs, whicdi ncjud, with tine 
silica to form oxysulfosilic{ites, or at a higher teinpmvitnnc, sulfosiliccjites, 
which can be decomposed with acids or W{iter under ])r(^ssurm 
Aluminum sulfide or double sulfides of {iluminum Jind anoflHU’ nu^bil 
may be prepared by fusing aluminum com|)oun(ls wil-li ;i ni(d.{illic, 
sulfide. According to Peniakoffj^* a mixture of .alumimiin siiHate, 
metallic sulfide, and sulfur is ho{itcd to form .a, doubh^ siilfidiu Tlu^ 
sulfur vapor stops the fornuition of nud.{illi(^ sulbib^ by coinbining with 
the oxygen. Alum may be heaUid with sulfur to form ji doubh' siillidio 
Keogh and Douglas^*' {idd {i inixtun^ of {iluminum suif.nin .Miid carbon 
to a fused bath of sodium chloride. Y\u) sodium chlorides jicts {is a 

^ Jaennigen, Fr, Pat. 242,720, ap})li(al for Kov. !), ISOI; Swiss Pal. S,2r)() 
Feb. 5, 1804. 

“Peniakoef, D. A., U. S. Pat. ()()(),f)?!), .lime 28, lS0S;(Jer. Pjil. 70,7Sl, 
Feb. 0, 1805. 

^Peniakokk, D. a., Hr. Pal,. 7,278 (ISOh), ,)uly 25, IS0I);(1 (m-, Pals. 
87,8f)8, July 7, 1890; 88,840, H(*pt. 28, 180(). 

Blackmohe, H. H., U. S. Pat. Jmi(^7, 1808. 

^ Peniakoef, D. a., Fr. Pat. ()()1,()75, jipplied for Oct. 22, 1805; (Jim*. 
Pat. 94,845, Oct. 30, 1807; Br. Pat. 0,200 (1800), Jum* 20, 1800. 

Blackmoke, H. S., U. H. Pat. 005,812, Jmu^ M, ISOS. 

7 Blackmoke, H. 8., LJ. S. Pat. 005,878, June 7, 1808. 

s Norsk Hyduo-Fliok. Kvael., Fr. Pat. 408,888 Jan. 21, 1020; Norw. 
Pat. 32,205, Apr. 25, 1021. 

9 Peniakopf, D. a., Ger. Pat. 80,528, Apr. 18, 1800. 

Keogh, L. R. and C. A. Douglas, Br. Pat. 18,850 (1008), S(‘pl. I, 1000. 
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iKod solvent for the aluminum sulfate and carbon. Double sulfides 
re i)rei)arc<l by adding a mixture of two sulfates and carbon to the 
.ised bath. Peniakoff^ states that aluminum sulfide is formed by the 
ouble decomposition taking place between anhydrous aluminum salts 
nd the sulfides of the alkalies or alkaline earth in a suitable flux, 
'he aluminum sulfide, according to PeniakofT, can be reduced directly 
1 the molten bath by the electric current or by means of reducing 
ases such as the hydrocarbons! Alkali ores are heated with ferro- 
licon and pyrites with the formation of an alkali aluminous slag con- 
lining sulfides.^ Bergve'* heats alkali aluminum silicate with sulfur 
t 800 to 1400°C. to form sulfosilicates which can be readily decomposed 
ith water at high temperatures or with weak acids. For the prep- 
ration of metallic aluminum or iron-free aluminum compounds, 
roldschmidt and Ravner*^ fuse plagioclase rocks of the labradorite- 
northite series with alkali or alkaline earth sulfides, and sulfur or 
irbon, obtaining thereby aluminum sulfide which floats to the top 
P the bath. Whittington heats dry aluminum chloride with calcium 
ilfide at 60 to 80°C. and obtains a mixture of aluminum sulfide and 
ilcium chloride which is separated by means of alcohol. 

When alumina or aluminous ore is mixed with carbon and a metal 
ilfide and heated to a high temperature, part of the alumina is rediu^ed 
) metallic aluminum, resulting in the formation of an aluminum alloy 
[id a sulfidic slag containing alumimim sulfide.® 

Iron sulfide (pyrites) has ])ocn used in several commercial processes 
) convert crude aluminum alloys or aluminum compounds into alu- 
Linum sulfide. While other heavy metal sulfides can ])e used and are 
icntioned in the patent literature, pyrites is the chea])est and most 
ractical. 

In the patent to Skappel," alumimim sulfide is ])reparod by heating 
i aluminum-iron alloy with a heavy metal sulfide, such as iron sulfide, 
ho resulting alumimiin sulfidic floats on top and can be ta))])ed off 
1(1 used for the prepa,ration of alumina or alumimim. Any sili(U)n 
resent remains with the iron in the form of ferrosilicon. \huitiiP 
I PKNi.\iv()Fn, D. A., Br. Pat. 11,555 (ISDO), Aiir. 3, 1S‘)7; Cun-. Pat. 
), 113, Oct*. 10, ISDti; Norw. Pal.. 5108, Juih‘ 2, ISUO; S\v(‘d. Pat. S()15, Jiilv 
), lSt)7. 

- Noa.SK 11 yoro-Fi.kk. hr. Pat.. 500,SM, iMar. 25, iP2(). 

® BmmvK, E., U. S. Pat.. 1,31(>,3()5, July 13, 1020. 

‘KtOLI).s(;umii)T, V. iVl. and (), Ravnkr, Norw. Pat. 20,110, F(J). 10, 1{)10. 

® WurrriNOToN, J. A., U. S. Pat. 1,540,30S, Aug. 11, 1025. 

® TIaolund, T. R., Sw<u1. Pat. 57,005, Sept. Ut 1021; U. S. Pat. 1,512,4()2, 
ct. 21, 1025. 

Onda, M., TI. S. Pat.. 7()(},554, IVhiy 24, 1004. 

^SKAI>l>EL, II., Norw. Ihit. •14,4()7, Oct. 10, 1027. 

Wautin, (t T. J., U. S. Pat. 513,m)0, Jan. 30, 1804; Ger. Pat. 75,825, 
mo 11, 1S04. 
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luis patented a procciss for th(^ production ol .•iliiinimiui sulfid<‘ which 
consists in heating load sulfide with in(d-allio aJuiuinuiii :it <)()() to I()()()'’(!. 

Hagliiiid, Magmissoii, and Lundiid fuse a inixtuia^ of ahindna, alu¬ 
minum carbide, carbon, and iron sulfide and obtaJn aluininuin sulfide 
and iron. The process also (ian bo applied to silica,t(5s or iinpun* baux¬ 
ites. The heavy metal impurities and tlui silica ani nahnuul by carbon 
and alloy with the iron. Malvorsen- fuses (day with a mixtuia^ of iron 
sulfide and carbon in the eleediric- furnac,e and ob(.a,ins bu-rosilicon 
and aluminum sulfide. liaghuul’' fus(vs clay or otlun* sindlar aluminous 
material in an electric ar({ furnacui, togxdJuu’ with a rculmung agemt 
and one or more sulfur compounds, smdi a,s iron sulfidcu The (unn- 
position of the charge is so adjusted that tluu’(^ is n.lso Siuiui nuitallic 
aluminum in the iron alloy. In onhir to stabiliz(5 tlui aluminum sidfide 
to the action of air, another sulfides, such as sodium or (adcuum sulfide, 
may be added before the fused mass is ta.})ped. 

In the description of the Magluiul ])rocess (s(h^ p. 211) S{*v(U’al UKd-hods 
for the decomposition of aluminum sulfides wcuai nuintiomal. A naand, 
patent'^ claims that the reaction b(itwe(m aluminum su!fid(^ (ora mixture 
of alumina and aluminum sulfide) and c.ahuum oxides is (juitc^ vigorous 
when once started. The (tahuuni sulfide is dissoKuul by im^ans of wat(U' 
and dilute acid, while the alumina is only slightly solubk*, sim^c* i1, has 
been heated to such a high tem])erature. 

In the patent to Cemdy,^* bauxite is fus(Ml with jui nlkaJi or a,lkn,lin(^ 
earth sulfide, forming a sidfoaluminate. d'ids compound is (‘\(,rjict(Ml 
with water and treated with a w(^ak achd, such as carboidci or a.c(d,ic. 
Several similar ])atents have b(;cn consichnv^d und(‘r (h(‘ aluminabi 
processes. 

X ALUMINUM CARBIDE IN THE PRODUCTION OF ALUMINA 

Aluiniiiuni caibide scHuns fiO ('xist) in (wo forins. Flu* (*()iiim()n 
one, formed at high temp(‘ratur(‘s bul. ladow ils nudfing poini,, 
is a mass of yellow, tlake-Hke crystnJs, vmry slowly (locoinp()S(‘(l 
by watei oi acids, evolving ni(d/luin(‘.'* A( v(‘ry high ({'iiip(‘r;i(ur(‘s 
theio is iormed a black fus(Hl imiss whi(di is inorc^ slubh* 

chemically. Various pr()C(\ss(‘s for iJu^ |)n‘pnral ion of nluinina 

^ Haglund, T. R., 0. 0. Maun ussoN, and II. Lundin, S\\ cd Pni 
Mar. 7, 1923. ” ’ 

“ Halvohsen, B. F., Norw. Pal,. 2L,()1(), jM,n, 9, 191 I. 

^Haglund, T. R., Norw. Pat. 3S,r)9(), Dec. 17, !92;P Swed I>.,| ‘,1 107 
Mar. 2S, 1923. 

Mlcallbank u. MioTAOLirufusoim (h's., .■\.-( 1., n,iul ( 'onwav, IPmoiN \ ()n 
OiiiSEWALD, Br. Pat. 291,079, July 19, 192S; Kr. Pat. (mO,!!).’!, Jan. T). Mr29 

•* CoNDY, H. a, Jlr. Pat. 4()IS (1S77], Juno <>, ls7S. 

‘■Mois.san, (\ym.pL rand, 119, ](] {IS91). S(‘i> also Matkjno.n, (\, (lirm. 

Ztg., 32, 53 (190H); A7in. chim. (S) 13, 27() (I!H)S). 
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ave been described in which the aluminous material is first 
)nverted into aluminum carbide; this compound is decomposed 
I a later step to give alumina. The preparation of alumina 
Y this method has only very limited possibilities. Although 
le insoluble aluminous materials may be converted into alu- 
iinum carbide, and some of the impurities volatilized at the 
:tr('mely high temperatures necessary for the reaction, other 
(^thods accomplish the same results at less expense. 

Ihirnett and burgess^ jnoduce aluiiiiuuiu carbide by heating bauxite, 
c., with an excess of carbon to a 'teini)erature of about 2000°C. A 
>ecial (dectric furnace is used in which a small portion of the charge 
heated until the reaction is comi)lete and then a fresh portion is 
iated. Durville’-^ ])re{)ares aluniinum carbide which is then heated in 
:ygen to form molten alumina. 

Acc.ording to Weber,** kaolin is smelted in an electric furnace with 
kc to produce a mixture of aluminuiu carbide and silicon carbide, 
ic mixture is decom])osed with water to form methane, aliiniimim 
nlratc, and unchanged silicon carbide. The aluminum hydrate is 
islied out from tlie heavier silicon carbide and calcined. Peacock* 
ats a mixture of ])otassium aluminum silicate and finely ground 
rbon to 1200 to l-100°(l, while reducing below the normal the i)artial 
assures of the reac^tion |)rodu(;ts. The main i)r()ducts of the reaction 
3 said to l)c silica, potassium c-arbide, and aluminum carbide. The 
rbides are decomjiosed in an auto(dave with suj^erheated steam, 
])urned in air to form ])ota.ssiuni (iarbonate and ahimiini. \"aL‘itelli 
d Walars*' ])ropa,re aluminum (^arl)ide by heating a, mixtui’c of bauxite 
(T‘iy, iron, and carbon in the electric funnice. The carbide is cou¬ 
rted into alumina, by lu^atijig with steam under pressure in an 
toc,la\'<n 

A(a!ording to a, Ib’ilish pat(‘nt-,''‘ clay and eok{‘ an^ lu^'ited in the 
ictric fiirnac{^ t,o form c!ii(*(ly carbid('s of silicon and aluminum, 
nst.ic soda reacts with t-lu* aluniimim carbides to form soluble sodium 
iminat{‘ a,ml ni(‘t,iia.n(‘, but, do(‘s not. dissohu' tlu^ silicon, titanium, 
(1 ii*mi carbid(‘S. Ih'rshman" pr(‘|)ar(‘s a, mixtures of alumina and 
iniinum carbide^ l)y luxating (\*ilcined alunite {from whi(!h the potash 
bAnNK/rr, M. and h. Hinajuss, ll S. Pals. .Xpr. 17, 1!)17; 

l!),797, Mar. lit), 11)17; Hr, Pa,l. 1 Hi,!)Ld), Jan. 27, 101!); Fr. Pat. •lSS,2();b 
)t. II, lOlS. 

■ Denviiaj':, P. II. (1., Pn,(. .22,‘y.'’>2.‘h July 27, 1020. 

' W’mn-m, t'. P. S. Pa,l. 72S,,^)2S, Mn,v I!), lOtlJ. 

PuAeocK, S., P. S. Pjil. 1,12!),.Via, lOP. 2:1. lOlf). 

' MxnA'ri'Ua.i, (I and IP X'iAi.Ans, Pr. Pal. .bJ,r>2.a, Idd). 17, 1!)21. 
(InNiORAL I0i.K(-Tin<’ ('()., Hr. Pat. JOO.S (1001), Doc. Jl, 1001. 
IIionsuMAN-, V. IP, P. S. Pa,I. 1,107,017, .Apr. 27, PllT). 
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has been removed) with carbon to a tenii)crature of about IbhO^C. iu 
an atmosphere of carbon monoxide. It is stated tliat nearly all of the 
alumina is thus rendered soluble in alkali. Fatrouilleau’ states that 
aluminum carbide is decomposed by a cold alkali solution, but by h(iatinjv 
the mixture the reaction is completed in a sliorbn* period of time. The 
alumina is precipitated from the alkali ahimiiia.t(^ and the solution 
used to decompose more carbide. 

X ALUMINUM CHLORIDE 

Aliuninuui chloride exists in both hydratcnl and anhydrous 
forms. The hydrated forms can b(' obtaiiual only by crystalli¬ 
zation from aqueous solutions, and on h(‘atin^ tlu'y d('com])os{^ 
into alumina, water, and hydrochloric acid. Tlu^ anhydrous 
chloride can be prepared only in t.hc dry wn,y. II. was first 
made by Oersted in 1825 by passinjz; (ddoriiu^ j>;as ov(u- a h(^at.(Hl 
mixture of alumina and carbon. Oerst(Ml subscnpumtly pr(q)ar(Hl 
metallic aluminum from the chloride by nulucdon witli ])otassium 
amalgam. Aluminum chloride is a yellowish-whiU^ <l(di(iu(ssc('nt 
solid, which fumes in moist air. Aluminum chlorid(^ n^a-cts 
readily with moisture with the formation of alumina and hydro¬ 
chloric acid. The pure chloride sublimes n^adily ad th(> r(dativ(dy 
low temperature of about ISO to 105°(h It forms doubh'. salts 
with the alkali chlorides, and with ])hosg('n(\ It is n'port('d 
that all anhydrous aluminum chloride' nia,d(‘ from iJu' n'aed.ion 
of chlorine on alumina and carbon conlnins phosgemq (U)ns(^- 
qucntly for organic syntlu'se's thc^ compound should b(‘ ma-d(^ from 
metallic alumiiiuin and cJiloriru^ or hydroe^hlorie; a.ead. 

Aluminum chloride in the' form of i.h(‘ double' e*-e>mpe)unel wilJi 
sodium chlemide (NaCd. Al(Ts) was e^a.rly useMl in the' e‘,e)mme'reMa.l 
production of aluminum by the' se)elium re'elue‘tie)n j)re)e*e'ss. 
Attempts were also maele', te) ele've'h)]) a.n e‘le'e!tre)Iy(ie; re'elue*tion 
process, using a fuse'd eh'edre)lyl.e' e)f the' elouble* eTle)riele‘ of 
aluminum and soelium. This e'.e)mi>e)unel me'lts ad aJ)e)ut ISh'd'., 
and mixtures of sexlium chle)riele's anel aJumimim edde)!Mel(' in 
other propeu’tions are' (;e)niple'te'ly fluiel at snhsljinlhdly le)W('r 
temperatures. Aluminum e)xiele^ is ne)(. nppre'edably sohd>le‘ in the' 
electrolyte, however, anel fe)r e)ther re'ase)ns e)Ul.line*el in (Tap. 
I the process was unsucce'ssful! 

Aluminum chloride has, he)we'V('r, e)(Jie‘r ve'iy valuable' ap|)lie'.a- 
tions in industry. Pe'rha])s the' ine)st impe)rtant. e)r the'se' is its 
use in the ehl industry as a craeddng age'iit. Me'. A lee' a, ml e)lhe‘r 

1 Patrouilleau, L. G., Fr. Fat.. ‘17r),-ir),‘“), May IS, lOlT), 
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Drkers of the Gulf Refining Company have been very active 
the commercial development of cracking processes employing 
aminum chloride. A considerable tonnage of aluminum 
loride is also consumed by the dyestuff industry, as it is an 
tive condensation agent in many chemical reactions. Another 
iportant use of aluminum chloride is in the carbonizing of wool. 
Rston has prepared an excellent summary of the processes of 
aking aluminum chloride.^ 

Some of the simplest methods for the preparation of aluminum 
loride are based on the reaction of chlorine with metallic 
aminum. The reaction is exothermic and if pure chlorine 
id aluminum are used, there are no impurities to contaminate 
e product. The cost of metallic aluminum, however, limits 
e application of this method. The reaction of chlorine with 
aminum at ordinary temperatures is slow, but proceeds 
gorously if the aluminum is heated. The formation of oxide 
rns on the aluminum hinders the reaction, but the formation 
aluminum chloride is rapid and continuous if chlorine is 
ibbled through the molten aluminum, as in the process of 
•ooks.^ 

Frary'^ has devised a method which utilizes aluminum dross 
■itead of virgin aluminum. This dross contains both aluminum 
3tal and aluminum oxide. If carbon is added to the dross 
d chlorine passed through the mixture, the heat of reaction 
i-ween the metallic aluminum and chlorine is sufficient to 
itipl(‘t(‘ th(‘ reaction between alumina, carbon and chlorim', 
that both th(‘ UK'tallic aluminum and the aluminum oxid(^ 
3 eonv(‘rt{Ml to chloride. Otluu* variations on the process 
‘ i;hos(‘ of Gibbs,wlio tr(‘ats aluminum with licpiid chloriiu', 
(1 JaaH)!)Son,'’ who ns('s bromin(‘ with th(‘ c^hloriiK' to faeilitat(‘ 
Kition; of Thoft'hrn/’ who atomizc's moltcm aluminum in th(‘ 
Hacston, (). Hui\ Mines Teefn Paper 321, SS pp. (U)23). 

' BitooKs, li. 'r., u. s. Bju, 1,B)r),{)()r), i)(‘c. 21, inir). 

' KiiAitv, V. U. S. Pal. 1,351,SIS, Oct. 5, 11)20; Hr. Pat. 103,1)75, 
H' 30, 11)22; Fr. Pat. 531,S31), Apr. 3, 11)22; (;<‘r. Pat. 31)7,073, .Iinic 27, 
M; Norw. Pat. 33,71S, Jaii. 2, 11)22; SwimI. Pat. 53,023, Nov. 15, 11)22; 
is.s Pat.. 1)7,S07, F(‘l). 10, 11)23, 

S(M‘ also i\1(’Afkk, a. M., U. S. Pal. l,5-l t,32S, Juik* 30, 11)25. 

SiioKM), M., U. S. Pat. 1,375,110, Apr. 11), 11)21. 

'OiBH.s, II. 1)., U. S. J‘at. 1,122,500, July 11, 11)22. 

'J.moBsoN, H. IP, U. S. Pats. 1,415,032, Fch. 13, 11)23; 1,474,471), Nov. 

11)23; Br. Pat. 11)0, OSS, D(U‘. 2S, 11)22; Ocr. Pat. 378,372, July 12, 1923. 
‘TnoFEHKN, IF, 0(‘r. Pat. S3, 207, Oct. 17, 1S1)5. 
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presence of chlorine, as well as proposals by Kirkpairiek and 
Morgan^ Pelzcr and Herthol.' Otiun* iiiv(^ntors as Askcnuisy,'^ 
Burgess/ and Mabery-’ have used liydroclilorie acid instead 
of chlorine with aluniinuin and aluininuni alloys in the imxluetion 
of aluminum chloride. Patrouilleau'* proposers to inak(‘ an 
aluminum-silicon alloy in the cdcaitric furnaces and them t^rc'at 
it with chlorine. 

Aluminum Chloride from the Oxide with Carbon and Chlorine 

For the large-scale production of aluminum (^lilorich* for use 
in oil-cracking processes, it scnmis mon^ h^ivsiblc^ to use* bauxite 
as the source of the alutniiuim, and carbon and (^hloriiu' as iho 
reagents. McAfee^ has d(\serib(‘d a, plant op(‘niting along these 
lines. The principal dilliculti(^s in tlu^ cnmnHaaaalization of (his 
reaction are in securing c^llicient utiliza,tion of 1 h(‘ ma,t(‘ria,ls and 
the provision of suitable apparatus for (he (virrying ou(, of the 
reaction. An intimate mixtim'. of tlu^ r(\‘i(d.ing ma.tc'riais is 
necessary for efficient convc'rsion ol tlx^ oxid(‘ (.o (hloridi^. 
McAfee/for example, prepar(‘S bricpuh-les of b:iuxil.(‘ a,ml c,oking 
coal and, after calcining, Inaits tluMu at. IbOO to ISOO'lh in a 
stream of chlorine gas. The iron and titanium (hlorid(‘s a,r(' 
not removed, as these compounds do not. int.(‘rfer(‘ with th(^ 
cracking of oils. Ii(^a.t.ing t.lu^ bihpKh.tes at- 100 to 200’( h is 
said to be sufficient, since th(^ lu'at. of nau^tion rais(‘s (,h(‘ (.(mifxn’a- 
ture.‘-^ In the process of King and Hob(‘r(s,“' a. lliuhv ground or 
granular inixtun^ of aJuinina. and carbon is j)r(‘h(‘a((‘d to the 
necessary temperatun^ and th(‘ chloiaix'allow(‘(l to rcauh wit h the 
mixture while it is blown through tlu' c.hamb('r by tin' larger 
volume of chlorine gas necessary for t iu' n'aetion. 

^Kirkpatrick, B. 8. ami F. 8. Moroan, tl. 8. PjU. g ir).^),()0r), M.-iy IT), 
1923. 

2 Pelzeh, H. L. and E. (\ IIsr'I’iiki., 11. 8. I*al. galldHiS, .Iiiik* <), P.rj."), 

'■* A.skenasy, P., (kn-. Pat. 70,909, a.))j)li(‘d for Id'h. (i, 1S‘)1. 

'^Burgess, L., U. S. Bat. l,r)()(),2()9, I)(‘c. 22, 1927). 

‘^Mabiory, (t F., U. 8. Pat. 3r)l,lS-l, {)<•(. 19, I,ss(>. 

" Patrouirleau, I^. (}., Fr. Pal. tspiOC), Orl. 31, 191(5. 

” McAfee, A, M., J. Iud. PJng. ('firm., 21, 1570 ( 1929). 

McAfee, A. M., U. 8. Pats. 1,217,171, i'Vh. 27, 1917; 1,3 13,931, .Innci 
30, 1925. 

1. G. Farbenindustrie, A.-G., Hr. Pat.. 275,915, Jan. 5, 192S, 

King, G. PI. and G. I. Huberts, U. 8. Pal. 1,2(5S,015, May 2S, 191S. 
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In treating double silicaten isuch as feldspar, a large amount 
chlorine is used up in forming silicon tetrachloride, which 
,s little value. The chlorides of aluminum and potassium 
n be formed without the formation of silicon tetrachloride 
treating feldspar with one-fourth the usual amount of chlorine 
d carbon.^- 

McAfee- claims that the reaction between alumina, carbon, 
d chlorine is accehu’ated l\y the presence of a certain amount 
returruKl wastes gases coming from the reaction itself. The 
dition of sulfur chloride is also said to make the reaction take 
tee at a lower temi)(‘rature.‘^ 

Alumina can b(^ chlorinated witli phosgene or a mixture of 
:'bon monoxide and chlorine.'^ According to a German 
tent,''’ carbon monoxich^ itnd chlorine are passed over heated 
,y or bauxit(\ The iron oxidt^ is reduced by the carbon 
)noxide and tlien convc'rted into the volatile chloride by tln^ 
orin(\ By carrying th(‘ nuictlon fartlu^r, volatile aluminum 
oride is fornu'd. In ])lace of the carbon monoxide and 
oriiK^, a jnixtun^ of sodium chloride and carbon can b(^ used, 
pn'liminary inxitnumt of alumina with a mixture of carbon 
uioxid(‘. and cliloriiu' (or phosgcuie) is said to remove the 
orid(^s of iron and iilaniuin, since they form more rapidly 
Lii aluminum chloridt'.'* To form the aluminum chloride, 
s only n(‘C(‘ssa-ry (o luxit (h(^ purilic'd alumina to about 450°C. 
[in insuhit('<l furna,c(‘ wiih (Ji(‘ carbon monoxide' and chlorine', 
['r whie^h iJu' h(‘a-t of r(‘a,cdion su|)pli('s sullicieuit h('ai. King 
I Kolxu'ts’^ pa,ss a. mixl-un' of carbon monoxide' (j^roduce'r ga.s) 

I chlorine' ove'r he'a.Ie'd alumina, [)re‘fe'rably with aelde'd caiBoii 
1 ill tJu' form eif liriejue'l l-e's. lle'aj) and Ne'wbe'rry” ])ass a 

SiHMiONs Jind Hai-skio, a.-(I., (u'r. Pul. 2S0,I)()9, Jaii. 25, lOlU. 

McAkoi.:, a. iM., H. S. Pa.l. l,r>7S,()r,2, iMar. 25, n)2(>. 

(JoNsoiri'inM i-'iiH. I'aj'iK'riaK'iiioMi.se’iiK Ind irs'i'mc, Hr. Pat. 17(),S1I 
1 ( 1 ), apiiliod for Mar. 15, 1!)22; Kr. Pat. r)lS,()i)l, Jati. 20, t<)25. 
Hhdnikov, P. P., Z. tifiifcir. (Iicni., 37, 100 LOl (l!)21). 

HiUioins, II. AND (■()., (}('r. Pa,(. 10,505, .Aiai;. 15, 1SX7. 

I. (}. iNDiis'i’iui:, A.-(},, Pr. Pat. 015,555, Oct. 25, 1!)2S. Scd 

DcAitMoKN, It. ('ail. Pat. 2S5,()0i), Sept. 25, I02S. 

KiN(i, 0. IP and 0. I. Poiuarrs, (I. S. Pal. 1,50S,0S0, duly 1, lOIO. 
also I. O. l^'AinicMNDe's'i’Kii-;, A.-O., Hr. Hal. 2S1,P.)1, l)<'c. S, 1027. 
lIi-iAi', W'. and K. Nlavinoon, P. S. Pal. 1,551,257, JA'h. 17, 1020; Hr. 

150,()2{), Aiig. 11, 1010; 151,050, Aug. 21, lOlO; Fr. Pat. t!H),2''^<"i 
51. 1010; Norw. Pat. 55,717. Jan. 2, 1022. 
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mixture of producer gas and chlorine or phosgene over alumina 
or an aluminum salt of a weak acid, and obtain aluminum 
chloride. 

A recent German patent^ describes a process in which alumina 
and carbon are heated with a mixture of liydrogen and chloriin^ 
(in excess). The heat of reaction between the liy(lr()g(m and 
chlorine is said to elevate the tempcu'ature sullicieutly to distill 
the aluminum chloride formed by th(^ exc(^sH chlorim^ 

Reducing agents other than carbon or carbon monoxichi have 
been suggested for the production of aluminum cldoridc^ from 
alumina. Stafford, Gardner, and Phillips*' heat alumina or an 
aluminum silicate low in iron to a dull red heat in tlui (d(H;tric 
furnace until the water is eliminated and tlum i.nuit thc^ maUuial 
with a mixture of chlorine and sulfur subchlorhle. liall’’ con¬ 
ducts gaseous sulfur and chlorine either ovcm* hea,ted alumina 
or through a molten bath in which the alumina is diss()lv(Ml, 
and obtains aluminum chloride. It is statc^d that tlui n^action 
is highly exothermic. 

According to Mardick/^ 1 part of calcium oxide and •! [)artH 
of water-free alumina are treatc^d wi(b a. mixtun^ of carbon 
disulfide and chlorine at 700 to 12()(rG. umhu' i)r(‘ssur(\ (lalcium 
sulfate remains as a residue and the aluminum (ihloridc^ tn^abnl 
with vapors of carbon tetrachloride or p(‘tr()l(‘um in tlui comhmser 
is less hygroscopic than the usual procluct. 

Other proposals have be(‘n niad('. by Ihlclnird and I h'mh'rson,*’ 
McKee,Goldschmidt and Ravner,'-^ W(‘av(‘r,^ Hall,'’ Wohlers,"^ 

1 VeRICIN Ptril ClIKMISCIIK UNI) MeTAI>EUR(JIS() 1I K PltODlIK'IMoN ill AUSSIU, 

Cicr. Pat. 4r)5,2G(>, Jan. 2S, n)2.S. 

St A FEO HD, J. G., U. II. Gahdneh, ami M. H. PiiihLn*s, U. S. Pul. 
1,489,021, Apr. 1, 1924. S(‘c also Sindinu-Lahsen, A., Norvv. Pat. .49,911, 
()c*.t. 13, 1924. 

P. W., U. S. Pats. 1,40.5,11.'), Jan. 31, 1922; 1,122,r)()r), July 11, 

1922. 

‘Mauuick, J. R., U. S. Pat. I,.32.5,203, Dit.. K), 1919. 

Prichard, G. L. and IF. IIendicrson, U. S. Pal,. 1 ,1)10,.549, VA). 8, 1927, 

« McKee, R.. H., U. S. Pat. l,r)09,()0.5, Snpt. 23, 1921. 

'Goldschmidt, V. M. and O. Ravner, II. S. Pal. 1,.302,8.52, M,n,y (>, 
1919; Hr. Pat. 113,278, Jan. 23, 1019; Norw. Pat. 30,823, Jun«‘ 21, 192()’ 

« Weaver, V. M., U. 8. PaLs. 1,511,010, Oct. 1 I, 1921; I,211,79(), Ocl. 2, 
1917; 1,300,205, Apr. 8, 1919; 1,238,004, Aug. 28, 1917; Hr. Pal. 103,710, 
Fob. 8, 1917; Fr. Pat. 481,0.50, Oct. 27, 1910. 

»Kall, F. W., U. S. Pats. 1,408,0.32, Sept. 25, 1923; 1,.503,018, Aug. 5, 
1924; 1,549,760, Aug. 18, 1925; 1,019,022, Mar. I, 1927. 

Wohlers, F. T., V. S. Pat. 1,.50J,.302, I)o(y 8, 1925. 
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X)nt.gelas/ van der Leoden," Faiire,’'^ Foote'^j Simon and Per- 
)t,'‘ von Kligelgen/’ Schroder,^ Dearborn,® and Wolcott.’’ 

ocesses Using Chlorides as Source of Chlorine. 

Alkali or alkaline earth chlorides have been proposed as a cheap 
Lirce of chlorine for the production of aluminum chloride or the double 
lorides. Booth and Marshall,^'’ for example, heat a mixture of aluinin- 
s material, silica, calcium chloride, and carbon in the electric furnace 
a temperature of about 1200®C. The iron chloride is volatilized 
)ng with the aluminuin chloride, but since the former condenses at 
0°CJ. and the latter at 1S3°C., the mixture is easily separated by 
.ctional condensation. The silica unites with the calcium to form 
icium silicate. Another process using calcium chloride is that of 
Eirdick,^^ who heats a mixture of calcined bauxite, calcium chloride, 
d carbon at 700 to 800°C. in an electric furnace. The temperature 
raised progressively to 2000^0., resulting in the formation of calcium 
’bide and volatile aluminum chloride. 

sodium chloride, while cheap, has the disadvantage of tending to 
latilize with the aluminum chloride at elevated temperatures. The 
11-known process of Deville was early used to prepare the double 
oride ])y passing chlorine gas over highly heated alumina, carbon, 
1 salt. Processes using sodium chloride have been patented i)y 
acock,Raynaud,’'^ Frishmuth,^ ’ Dutt and Dutt,’^^ and Hchrueder.^*’ 
^ DE Montgelas, Count R., Br, Pats. 10,011 (1886) applied for Aug. 4, 
56; 10,013 (1880), appli(Tl for Aug. 4, 1886. 

VAN DEii Leeden, R., Fr. Pat. 466,721, May 22, 1914; Ger. pat. 
’,867, D(3c. 5, 1913. 

FAUitE, C. A., Ger. Pat. 62,907, Juik^ 16, 1S92. 

Koote, E., Hr. Pat. 1995 (1883), applied for Oct. IS, 1883. 

•’Simon, A. and L. Pehnot, Fr. Pat.. -106,590, F(R. 2, 1910. 

«voN KCkjeloen, F., U. S. Pat. 1,1-47,832, July 27, 1914. 

' S(Miu(”)i>EH, ir., U. S. Pat. 991,096, May 2, 1911; Au.strian Pat. 34,350, 
4,. 10, 1908. 

« DEAimoKN, It. J., II. S. Pats. 1,600,216, S(‘pt. 21, 1926; 1,605,098, 
V. 2, 1926. 

MVonuoTT, E. H., U. H. Pats. 1,506,ItM, Aug. 26, 192-1; 1,52S,03‘), Mar. 
925; 1,633,835, Jun(‘28, 1927; 1,612,{>86, !)(*('. 28, 1926; Hr. Pat. 175,006, 
). I,’l922; Fr. Pat. 527,068, Oct. 20, 1921. 

•Hootii, IP S. and G. G. Marshall, II. S. Pals. 1,392,0-13; 1,392,0-11, 
t. 27, 1921. 

' Maudiuk, J. It., IJ. S. Pat. 1,600,899, S(>])t.. 21, 1926. 

M'eacouk, S., U. S. Pat. 1,507,709, Sept. 9, 192-1. 

Parsons, C. E. and S. Pea(!ock, U. S. Pals. 1,525,0-11; 1,525,042, Fch. 
925. 

' ItAYNAUD, F., U. S. Pat. 599,111, Fch. 15, 1898; Hr. Pal. 12,266 (1897) 
I 2-1, 1897; Ger. Fat. 97,010, Mar. 16, 1898; Dan. Pat. 1426, Jan. 19, 
8; Norw. Pat. 5906, 1)(ul 20, 1897; Swed. Pat. 847-1, Nov. 20, 1897. 
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Taddei^ obiaJns Lli('- clilnriiu! liy liisc^l sodium dilorido, 

lit l()0(rC. and c{)ii(lu(d-s it ovau* a luixlurc^ of d('liydrni(Hl idumiiia ami 
liquid tar at a teinpcraturo of IdOO to ir)()()“(l. 

Daiickwardt“ places a mixtures of aJuinina !ind (mrhoii in contac.t with 
the positive pole in a fused bath of ziin^ chloride and then (ailka^ts the 
anhydrous alumimiin chloride wliicdi volatili/os. 

Aluniiiiuiii Chloride from the Carbide^ INfitriclCj Sullidej £tc. 

In place of alumina or other mitiira,! aluiniiious on's, c.ompoimds of 
aluminum, such as the cnrbidci, nitrhh^, siiKhh^ sulfaln, (dn., may bo 
used to produce aluminum cliloimhu Smith and Ms.s(ux‘‘ prei)aro 
aluminum chloride by heating; vrwdo. aliiininum ca.rl)idi^ with (ddorine or 
hydrochloric acid. Aftei* tlu^ (duirg^n. inacln^s a, tempcu'jitinn of 
the reaction with chlorine g;nes on wilbout furtlnu’ b(^a.tin}i;, and it is 
stated that since iron is not attaclunl at this tmuiMuntun'. by dry 
chlorine, an iron container ca,n b(^ ns{Ml. 

In a patent to Hurgnss,'^ a pnxHiss is ontliiKsl in which fiiudy divided 
aluminum carbide is suspiUKhid in liydnxihloric. acid gas and (external 
heat applied to initiate the (^xotluumiic r(^ac(/K)n wlii(di produces 
anhydrous aluininum cldoimhu Ibirmd-t and Ibirgnss'* tr(%at a, ndxturo 
of aluininum carbide and uudnllic*. aluminum witii dry liydnxddoric 
acid gas at a temperature of bOO to POO'd ami obtain volatih* aJiiminum 
chloride which condenses at a h)W(u* banpm’a,tuna In a.no(Ji(‘r pa,tent 
to Burgess/’ alumiiuim carbide is b(\Mt(ul in a, fiirmua^ with a. chloride 
such as lead (diloride. The ahimiimm chl()^(l(^ volatili/,(Ns, hiaving 
behind a residue consisting of h^'id a,nd (-{i.rlxm. 

liagluiKb first j)r('p!ir(^s aJiimimim snllidc^ by fusing alumina or 
clay with a reducing ag(Mjt an<l a siiKiih^, such as iron suKidia 

iTaddui, G., Hr. Pal. i;h:i7U (I DO I ). 

2 Danckwaudt, P., U. S. Pjit. Jiini' l.a, IDUO; I'r. Pal. KiS,!)!.'}, 

Hept. 2, 1921; Fr. Pat. 517,019, Apr. 29, 1921; (ha. P.al :;s(),.5l)2. Sepi. 10, 
1923. 

^Smitii, D. F. and II. Kssox, H. S. Pal. 1,270,220, .lime IS. p.ilS. 

Buucmss, L., U. S. l^it. 1,105, is;i, .I.-m. 31, 1922. 

® Baunett, M.. and L. Huuonss, P. S. I’.mI 1,21S,."»ss, Mar 0, 1917; 
Br. Pat. 109,790, 150). M, 191S; Fr. Pa,l. ISO.SOl, Mav I I, IDIS; (icr. P.al. 
325,474, Sept 13, 1920; Nonv. Pal. 29,9X5, Srpl. 1. 1919; Dan Pal. 23,219, 
June 22, 1913; NcUi. Pal. 1,9X3, Jniu' I, 1920, 

MluudKSS, L., II. S. Pal. 1,321,2X1, Nov. 11, 1919, 

^ PTagiajnd, T. H,., Fr. Pal. 590,293, Del. 20, 1925; Swt'H. Pat. 00,121, 
Mar. 23, 1920; Swiss Pal. 120,511, Juin* 1, 1927; Noru. Pal. 11,320, 

22, 1927. 

Fuishmutii, W., U. S. Pal. 359,001, .Mar. 22, 1XS7; Hr Pal. 10,011 
(ISSO) aiiplical for Aug. J, IXSO. 

Dott, E. K. and P. (I. Durr, Br. Pal. 123,213, 159). 20. 1919. 

^‘mSchhoedeii, n., Norw. Pal. 17,015, appli(Ml for ()<’l, 31, 1907. 
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lio alunnniini siilfido iw ilion i-roaiod wiili (dilorine or olilorine {;oiu- 
)Uiids U) form anhydrous aluiniimiu ohloridc which is volatile at a 
iu])erature slightly higher than that of the reaction. Free chlorine 
' sulfur may be removed from the aluminum chloride by heating with 
Liminum sulfide or calcium carbide. 

Baum and Jones^ propose to make aluminum chloride by heating 
iquettes of aluminum nitride containing 4 to 5 per cent carbon and a 
lall amount of alumina with chlorine gas at a temperature of 600 to 
lO°C. Mincr^ treats a mixture of aluminum nitride and carbonaceous 
aterial with hydrogen chloride at a temperature of 900 to 1500°C. 
.uminiiin chh)ride and valuable nitrogen compounds are obtained. 
According to Vaughan/'* alumina is heated to redness and subjected 
the vapors of carbon disulfide and dry hydrochloric acid gas. The 
hides formed ])y the carbon disulfide are converted into volatile 
lorides by the action of the hydrochloric acid gas. The aluminum 
loride is separated from the volatile chlorides of the impurities 
^ fractional distillation. 

Processes using aluminum sulfate have been patented by Bliimen- 
rg'P Humphrey/'* I^ea and Humphrey/* White/ and Tilley.^ 

irification of Aluminum Chloride. 

In the preparation of pure aluminum chloride, the chlorides of silicon 
d titanium are readily separated because of their greater volatility, 
srric (chloride, altlu)ugh less volatile than aluminum chloride, cannot 
satisfactorily separated from it by fractional condensation or siiblima- 
)ii. Ferrous chloride is less volatile than ferric chloride, and Deville 
ide use of this fact in purifying aluminum chloride. Clastner claimed 
at iron (iould be removed by melting aluminum chloride under f)ressure 
(1 cl{a*(-rolyzing,''* or by adding finely divided aluminum to precipitate 
c iron/" other processes using metallic aluniimini have been proposed 

1 F. and I). O. .Ionks, [I S. Pal. 1,372,332, Mar. 22, 1021; 

n’w. Pat. 33,710, .Ian. 2, 1022. 

MiNKit, (’. (;., 11. S. Pal. l,(>S.S,.^)().l, Oct. 2.3, 102S. 

V.‘\u(ni AN, F. P. II., Hr. i*al. 1630 (ISO.S), applied for Nov, 10, 1S6S. 

' PiaiMUNnioini, II., n. S. Pal. l,610,3S3, Nov. 1.3, 1027. 

Hiimimiuiov, (1. W., U. S. Pat. I,.316,200, .Inly M, 1023. 

'HjMA, IP I. aFid (1. W. IlnMcmU'n, U. S. Pats. 1,3 U),2S0, .hdy I I, 1023; 
i3S,S07, Oet. 27, 1023; 1,616,732 and 1,616,733, Oct. 2.3, 1027. 

MViiitu, W., Hr. Pat. 12,.3I3 (ISSS), June 20, ISSO. 

«33nnnv, (P S., P. S. Pat. 1,661,100, F(d). 2S, 102S. 

'•'Oastnur, II. Y., U. S. Pat. 122,.300, Mar. J, ISOO; Hr. PaP IS,062 
'ISO), S(‘pt.. 13, PSOO; (ha-. Pat. 31,S77, Jan. .3, ISSl; Swiss Pat. 1011, Feh. 
PSOO, 

Oastnku, IP Y., U. S. Pat. KMtlkiS, Aug. 27, ISSO; Hr. Pat. lOSO flSSO), 
aa 7, ISSO; Her. Pat. .32,770, July 16, iSOO. 
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l)y Weaver,’ Polltik," TLiunphroy Mc.Kil.irii^k.'* Pricliard and 
ILcndorsoir’ also propose to retnovo silieoii ioira(dil()ri(le by n^jud.lon with 
aluminum. 

The vapors of aluminum chloride may 1)0 ooiitimiously removed 
from the reaction chamber and dissolved in a i)rotectivo licpiid, such 
as a hydrocarbon oil. (Certain impurities a,re renK)V(^d by this proce<liire 
and the aluminum chloride is kept in an aidiydrous state.*' 

Ethyl and methyl alcohol*’ are said to dissolve the iron (ddoride in a 
mixture of iron and aluminum chlorides without dissolving much 
aluminum chloride. 

1 Weaver, V. M., U. 8. Pat. 1,2()0,236, June 11, lObS. 

2 PoLLAK, J. E., Br. Pat. 103,7l(), Feb. S, 1017. 

PIuMPHREY, C. W. and D. H. MoKittiuok, U. ,M. Pats. I M2; 
1,645,143; 1,645,144, Oct. 11, 1027, 

Prichard, G. L. and H. Henderson, U. H. Pat. 1,641,503, 8(^)1. 6, 
1927. 

Hall, F. W., U. S. Pat. 1,512,120, 0(0,. 21, 1021. 

"Wolcott, E. R., U. S. Pat. 1,617,446, Nov. 1, 1027. 




CHAPTICR Vlll 


MATERIALS FOR THE REDUCTION PROCESS 
ELECTROLYTE AND CARBON ELECTRODES 

By 

JuNiirs 1). Edwards 
ELECTROLYTE 


Cryolite. 

Cryolite is fundamentally as important as alumina in the 
reduction of aluminum. Its remarkable solvent power for 
lumina and its ^reatc^r electrochemical stability are what make 
ossible the pn^seni-day aluminum industry. The natural 
lincral cryolites is something of a rarity in that there is only 
ne commercial deposit known—that in GnH'nland. It is quite 
iractical, however, to make “synthetic cryolite,’’ which is its 
hemical (viuivalent as far as the electrolytic reduction of 
luminum is conc('rn(‘d. 

(Tyolite, m(‘aning “ice rock,” was so named because of its 
:*,('-lik(' app('aran(H‘. L('g(md has it that tlu' Eskimos called it 
an ic{‘. which would not nu'lt in sumnier.” Tlu‘ first s])ecimens 
/('re shi})p(‘d from (lr('(mland by Sir (UiarU's (Tic‘S('ck(' in 18()(S, 
,nd w('r(^ ('agc'rly sought by iniru'ralogists. Th(' first commerchd 
is(' of cry()lit-(^ was undc'rtalo'n by Prof. Julius Thomsc'U of 
\)p(mlKig('n, who d{'V('lop(‘d a iiK'thod o( making sodium alu- 
iiinatc' from \\> and us(‘(l it. in enanu'lling iron and for other 
)iirpos('s, such as soapmaking and dy(‘ing. In l<Sr>l, Thoms('n 
J)tain(‘d tlu' {'xclusiv(' right, to niim' cryolite at- Ivigt.ut, Cnn'n- 
!uul. Tlu' projx'rty was l('as('d by tJu' pri'sent. op('rators, 
‘ Akti('S('lskaJ)('t Kryolitti-lVIine og ITaiuh'lsskabet,” of Ckipcm- 
lagc'ii, in IcStif). In tJu' same y(‘ar, tJu' IVnnsylvania Salt 
danufa(h.uring (’omi)any, (Philadc'lphia, Ikmnsylvania) iTiaoo 
(iont.racJ with the Danish Covc'rnment which gav(' it a monopoly 
)f tlu' cryolite' trade in North and South Anu'rica. Since then 
b substantial proport,ion of the (iryolitc' iniiu'd has bc'en shi]q)pd 
o Anu'rica. Originally about two-thirds of the cryolite mined 
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was shipped to America and the balance to D(‘nniark, but the 
greater part now goes to Deninark. In 1922, S. H. Ball esti¬ 
mated that some 500,000 metric tons had Ikhui mined to date. 
The royalties from the sale of cryolite are administca’ed by tlu^ 
Danish Government for the welfare of the native population of 
Greenland; which is far from self-supporting. 

The Danish Government, in their s(U’ies, “ Meddehdser Om 
Grpnland,’^ have, through a long period of years, })ul)lished 
accounts of the natural resources of Greenland. Volume Ol-} 
(1923) contains an account by Sydney H. Ball of “Tlu^ Miiuu'al 
Resources of Greenland’^ (in Bnglish), which includes a descrij)- 
tion of the cryolite mines at Ivigtut.’ 

Ivigtut, where the cryolite deposit is locat(xI, is on Arsuk 
Fjord, about 13 miles inland, and not fa.r from tlu' southern 
tip of Greenland. The mine its(df is a large o[)(‘n (piarry at 
water’s edge and is separated from the fjord by an (uriba-nknumt, 
about 50 feet wide. Tlie open pit is mort^ than 150 r(^<‘t (hn^p. 
The cryolite is loosened from the walls by air drilling and blasllng. 
It is then hauled to the top of the embankment w\mv. it is sortc'd 
ready for loading. The ships on which th(‘ cryolites is Ioad(ul 
tie up to the embankment where the cryolite^ is pihul. Pr(‘- 
paratory to sorting, it is wet down with wat(‘r, sine(' tlu' diflVnuKu' 
in the refractive indices of quartz and cryoli(,(^ is suniei('nt to 
permit ready separation l)y hand sorting. Th<‘ r('frae(.iv(‘ 
indices of cryolite, being closer to that of walur, mn,k(‘ i(, scmmu 
dull in comparison with (piartz when ihv two miiu'raJs a.r(‘ w<‘t. 
Colored minerals and rock are, of (H)urs(‘, (‘jisily distingnish(‘(l 
and separated at the same' t-iine. Th(‘ cryoliln d('j)()sit is Jisscx^i- 
ated with much pegmatidc matc'rial and li(‘s wil.hin ;i sma,il 
intrusive mass of porphyritic granite. Asso(na,t(‘d min(*rals 
are largely quartz, sideritc^, galena., sphal(U'it(', (dialcopyrit(‘, 
and pyrite. 

The operation of mining cryolih^ is a hazardous on(‘. Th(‘ 
miners swing from the face of l\w (diff by long r()p(‘s whik* 
drilling and blasting cryolite. They an' ])iek(‘{I nu'n, nniny from 
the Danish army, and are engaged for a t(‘rm of a, y(‘ar and a, 
half, although some of the men an' n'engagud for t(‘rm aftnr (nrm. 

^Samuel G. Gordon lui-s also pii])liHli('(l in En(j. Mituluj 121, 

23b (1926), an aocoiiiil. of a visit t.o Ivi^tiit. “Ssigaof jl Siijx’rcjirgo” 

(Macrao Stniih Company, Pliilad(dphia), by Knlhnion Waldo, n'coiints in 
narrative form a trip to Ivigtut made on a fndglitm’ sailing from Pliila(l(9pliia 
for a load of cryolite. 
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i'or Hoveral nionihs in the long winter, the sun does not rise 
,bove the hills at Ivigtut and no boats arrive. The long and 
^nesome winters are somewhat alleviated since the coming of 
adio broadcasting. During the winter, a reduced staff is 
mployed in stripping the overhanging granite walls and pre- 
)aring for the coming season. The mining season is about 7 
nonths long, but is largely governed by the length of time in 
vhich water can be used in sorting without freezing to the cryolite. 

The crude cryolite is prepared for the market by first crushing, 
10 that it will all pass a J^~inch mesh, after which it is passed 
)ver wet concentrating tables which separate out a considerable 
)ortion of the impurities. The cryolite concentrates are then 
Iried and passed through magnetic separators which remove 
iie greater part of the iron impurities remaining in these con- 
icntrates. This final purified cryolite is then ground. 

Synthetic Cryolite. 

The aluminum industry is not dependent upon the Greenland 
ieposits for its supply of cryolite, since cryolite can be readily 
riadc synthetically. The simplest processes for the production 
Df synthetic or artificial’ cryolite, as it is sometimes called, 
nvolve the neutralization with hydrofluoric acid, of soda and 
ilumina in the proportions occurring in cryolite, NasAlFo. The 
reaction may, in principle, be representc^d as follows: 

3Na*>0 + AI 2 O 3 + 12HF = 2 NaaAlFo + 6 H 2 O. 

OiK' such i)r()cess employs as a sourc(‘ of soda and alumina 
tlu' sodium aluininat(‘ solution produced in tlu^ Bayer process.’ 
Sodium aluminat(‘ it-s(df pr(‘suinably has tfie formula, Na 2 Al 204 , 
or Na 2 D.Al 20 ;{, but tfu' sodium aluminat(‘ licpior carries excess 
alkali a,nd ifiis can adjust('d to th(‘ prop(U’ pr()i)()rtion for the 
prodmdion of cryolit(\ Sodium car})onat(' can also be uschI to 
sui)ply tlu' soda contemt, and aluminum hydrate the alumina 
content- of the cryolite. By va,rying the ratio of soda and 
alumina it- is possibles to mak(‘ mixtures of cryolite (IlNaF.AlFjd 
and chiolit-c^ (hNaF.^AlFa), or mixtures of cryolite with (‘ither 
(‘xcess sodium fluoride or aluminum fluorid(\ An alt(‘rnativ(' 
nu'thod is to n{‘utraliz(^ a solution of aluminum [iuorid(‘ and 
hydrofluoric acid with sodium carbonate, or precipitate cryolite 
from such a solution with some other sodium salt. 

m.ACJE, H., Fr. Pat.. 410,290, Doc. 30, 1010. 
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^ The fluorine for synthetic cryolite is obi-ained from liuorspar. 
Hydrofluoric acid is first made by treatin^j; fluorspar with sub 
phuric acid in suitable iron kilnsd The mixture of ^;Tound 
fluorspar and sulphuric acid is continually stirrcul while passing 
through the heated iron kiln, and the hy<lroflu()riG acid which 
is liberated is absorbed in water in suitable cooling and absorbing 
towers. 

The insoluble cryolite formed by the reaction of hydrofluoric 
acid with alumina and soda is dried and lightly cahdned to 
remove the water. Heating cryolites at relatively higli t(unp(‘ra- 
tures in the presence of water results in partial iiydrolysis with 
the formation of alumina and the liberation of fluoriiu' as hydro¬ 
fluoric acid. It is quite essential, tlK'rcdbre, that tlu' cryolites 
be carefully dried and calcined under conditions which minimize 
the loss of fluorine. 

The processes just described employ previously purificnl mate¬ 
rials for the production of cryolite. Tluu’e an^ avaihible larg(‘ 
supplies of fluorspar containing silica as an impurity in s\d)staid;ial 
amounts. Hydrofluosilicic acid and its s(){lium sali.s {ir(‘ naidily 
produced from such material, and various ])r()c(\ss(\s have' Ikhui 
suggested to utilize these materials in th(‘ product ion of cry()lit(‘.“ 
It has been proposed, for example, to digest sodium fluosilicat.c' 
with some form of alumina with th(^ production of cry()li({‘ 
according to the following naxetion: 

2 Na 2 SiF 6 + AbOs + NaoCO, = 2NaaAlF„ + CO. -|- 2Si()... 

The cryolite is, howewer, contaminat(‘d witii silicon,, aKIiough 
claims have been made that it could b(^ held in colloidal condit ion 
and filtered off. 

^Bishop, H. B., U. 8. Pat. 1,150,41.5, Aug. 17, 1015; R. S. Kickus, 
U. S. Pats. 1,288,400, Doc. 17, 1918, and l,31(),5()<), Sopl. 23, 101!). 

2RICIITEUS, E. 11, Br. Pat. 15,301 (1800); U. S. Pal. 117,003, K(‘l). 21, 
1891. 

Humann and Teisleu, Br. Pat.s. 27,231 (100!)); 12,020, Nov. 28, 1!)13; 
U. S. Pat. 1,015,220, Jan. 10, 1012; Dcr. Pal.s. 28!),001, Dee. 1, I!)15; 2!)3,!) 1 1, 
Aug. 31, 1916; 348,274, Fob. 3, 1022; Fr. Pals. 108,131, Mar. IS, 1!)10; 
458,750, Oct. 17, 1913; 461,181, Oct. 23, 1013; Ausl. Pal. 40,381, F(4). 10, 
1911; Norw. Pat. 26,270 Oct. 4, 1015; SwUs Pal. 65,132, May 5, 1!)13. 

CmcM. Fah. H. Hnuuius and Oo., Cl(‘r. Pal. 307,525, ,'\ug. 2!), 1018. 

Buciinek, M., Br. Pal. 234,852, July, 2!), 1026. 

Sander, F., U. S. Pat. 1,042,800, Sc'pt. 20, 1!)27. 

Reich, J., Br. Pat. 21,073 (1807) Nov. 27, 1807. 

Sellar, W. (b, Br. Pat. 11,753 (1000) May 11, 1001. 
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Another type of process involves the direct digestion of calcium 
uoride with aluminum sulphate to produce a solution containing 
, substantial portion of the fluorine as the hypothetical aluminum 
uosulphate, Al 2 F 4 S 04 .^ Cryolite is to be precipitated-from the 
iuosulphate solution by the addition of a sodium salt and acid, 
lowevcr, none of these processes seem to have had any extensive 
ommercial application, so it may be assumed that they do not 
vork as well in the factory as they do ^^on paper.” 

>hysicochemical Relations of Fused Fluorides. 

In speaking of the Hall process, it is customary to describe 
t as depending on the electrolysis of a solution of alumina in 
ryolUe. Hall not only discovered the fact that cryolite would 
lissolvc alumina, but made the general observation that many 
)ther combinations of aluminum fluoride with the fluorides of 
lodium, potassium, lithium, and calcium would dissolve alumina 
n substantial quantities and could be used as electrolyte. ^ This 
)flered means of usefully varying the fusibility, conductivity, 
Icnsity, and other properties of the fused electrolyte. A proptu* 

1 Grabau, Gor. Pat. 48,535, Mar. R, LS.SO; Br. Pats. 13,564 (1886) Oct. 
25, 1887; 14,356 (1887) Aug. 2-^1, 1888; U. S. Pat. 386,704, July 24, 1888; 
\. G. Bktts, it. S. Pat. 1,598,672, Jan. 9, 1922. 

For other processes s(?e also: 

Ghatzel, R., Br. Pat. 156, Jan, 5, 1885; Svved. Pat. 415, Aug. 26, 1886; 
Oan. Pat. 22,779, Nov. 5, 1885; 0. M. Pat. 338,061, Mar. 16, 1886. 

PiEPEii, Garl, Ger. Pat, 35,212, Apr. 5, 1886. 

Ja('qiiemart, F., Br. Pat. ‘1,204, Dchu 22, 1873. 

Matthews, D., Br. Pat. 11,963, Mar. 8, 1899. 

Griesheim-Fhektron, Br. Pat. 203,708, Aug. 21, 1921; Swiss Pat. 
107,615, Nov. 1, 1921; Swiss Pat. 108,188, l)(‘c. 16, 1921. > 

Losekann, G., U. S. Pat,. 96t),381, Sept. 6, 1910; Br. Pat. 19,738 of 
(1908); Gan. Pat. 119,181, Jiily 20, 1909; G(*r. Pal. 205,209, 1 )(t. 19, 1908; 
Fr. Pat. 396,703, Apr. 19, 1909; Aust. Pat. 10,175, Dec. 27, 1909; Swed. Pat. 
26,682, Ai)r. 17, 1909; Swiss Pat. 46,03‘), Nov. 23, 1908. 

Howard, II., U. S. Pats. 1,475,155; 1,175,156; 1,175,157; 1,475,158, 
Nov. 20, 1923; 1,511,561, Oct. 11, 1921. 

SiMOOKETER, II., J. SoLL, and It. BiLEiN(iER, V. S. Pats. I,5l7,t)86, 
Dec. 2, 1921; 1,548,639, Aug. 4, 1925; Speoketer, U. S. Wii, 1,563, 536, 
De(‘. I, 1925.' 

Miles, \V., Br. Pat. 20,377 (1895) Sei)t. 5, 1896; Ger, Pat. 94,849, 
Oct. 30, 1897. 

(hiEMisoHE Far. Griesheim-Flektron, Norw. Pat-. 41,202, Apr. 14, 
1925; Fr. Pat. 570,637, May 5, 1924. 

" Hall, ('iiAitLEs M \';nN, F. S. Pats. 100,661, 100,665, 100,666, Af)!*. 2, 
1889. 
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interpretation of the electrolytic process requires some knowledge 
of the physicochemical relations in these systems. 

The System Sodium Fluoride-Aluminum Fluoride. 

The most reliable published observations on the system sodiiini 
iiuoride-aluminiim fluoride appear to be those of Fedotieff and 
Iljinsky.^ Their data on the freezing points of mixtun^s of these 
two compounds are given in Fig. 49. Pure sodium lluoridc' nielt.s 
at about 990°C. and cryolite at 1000°C. There is a maximum 
in the freezing point curve corresponding to the mixtun^ having 
the composition of cryolite or SNaF.AlFs. The addition of either 
sodium fluoride or aluminum fluoride to cryolit-e r(‘sults in a 
lowering of the freezing point. With sodium fluorick^ a (uiteeth^ 
mixture is formed, which contains 76 per cent sodium fhiorich' 
and 24 per cent aluminum fluoride, or 40 per cent sodium fluoride 
and 60 per cent cryolite. The eutectic mixture fr(U'z(‘s at (S85°( t 
The addition of aluminum fluoride to cryolite rapidly lowers i<h(‘ 
melting point to a minimum of 685°C. at a concentration of OM 
per cent aluminum fluoride. Cooling curves of these mixi,ur(\s 
up to 57 per cent aluminum fluorid(^ show(‘d arrests at 72IYW 
and a point of inflection in the liquidus curve at this t(‘m])(‘ratiir('. 
The data indicate the existence of another compound, ANaF.- 
SAlFs, which corresponds with the composition of lJi(‘ miiun-al 
chiolite. According to the diagram, when mixtur(‘s conta,ining 
cryolite and aluminum fluoride an* allowed (o cool, (‘ryolib' 
separates from the liquid until a tem})erature of 72r)°(!. is n'aeluMl, 
At this temperature, the cryolite which has crystaJlizcul from (lu' 
liquid reacts with the excess aluminum fluoride', whic.h ha,s IxH'n 
concentrated in the liquid to form chiolite' as fe)lle)ws: 

5 (3NaF.AlF3)(crystals) + 4AlF3(liquid) ?::CKr)Nah\3Alt\H) 

(crystals). 

When such a solid mixture is melted, the' ce)mpe)unel chiolile' 

^ Fedotieff and Iljinsky, Z. ammj. Uhnn., 80, IIS (lUlS). 

Soe also Pyne, Tram. Am. Elc.iirochem. Soc., 10, OS {lOOep. 

Moldenhauer, Metallurgiv., 6, 14 (U)0<)). 

Lorenz, Jabs and Eitel, Z. ammj. U/irm., 83, Jt), J2<S (1{)1S). 

PusKiN and Haskow, Z. atumj. Uhvm., 80, IIJ (U)18). 

Pascal, Z.Jur Elvkirochrm., 19, (UO (1<)1S). 

Pascal and Jouniacx, Rcmir Mvlidlunjiv, 11, lOeU) (1914); (I) BhU. 
Soc. Chevi., 13, 439 (1913). 

Roush and Miyake, TratLs. Ain. Elrdrorhcm. Soc., 48, 153 (1925). 
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k'coiuposcs at th(i constant temperature of 725°C., cryolite and 
iluminuni fluoride again being formed. 

The volatility of the mixtures of cryolite with aluminum 
iuoride increases rapidly with increase of the aluminum fluoride 
;ontent, and above about 65 per cent the mixture.s wei-e too 



I' lu. I'.l. I )iaf-':r:ini of jioitilH in tin* .sy.siciii tiodiuru (Itioridf'-iLliiniiiiuiii 

(luorid(‘. 

vohUih' to ])(‘rinit ar.cunitc' obworvatioii. Piir(‘ ahiniimnn 
(lii()ri(l(‘ suhliiiK's at high t(dn}H‘ratun‘s and K(Hl()ti(‘rf and Iljiusky 
pn'panul tlic pure coinpoiiiid for tlK'ir work by subliina,!ion. 

The Ternary System: Sodium Fluoride-Calcium Fluoride- 
Aluminum Fluoride. 

Calcium fluoride has been rocoinnumded as an addii-ion to 
fused cryoliU^ b(‘causc of its action in lowfd’ing t.lu‘ frcH'ziug point. 
A certain amount of it tends to accumulat(' in the bath on account 
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of the preseiico of linu^ in flu* ash of Uu^ (^h'etrodcvs. F('(lotieff 
and Iljinsky^ have also piiblislKMl the rc'sults of inv('si,i^’ation 
of this ternary system. The diagram of t.cu’iiary system 
shows, in triangular coordinates, the isotherms or linens of constant 
freezing point (Fig. 50.). The shaded arenas w(n-(^ not (\xj)lor(Hl, 
so that it was not definitely ascertaiiHHl whetlun* was a 

double compound of aluminum fluorides and calcium fluoride. 
There is a eutectic mixture of tlie two frec^zing ad (S2()°( -. and 
having the composition of 61 per cent (uilcium fluoride, 89 

MF, 


CaFi 

Pig. 50.'—Diiigrivin of freezing point,n in i.Iie HyHtein Hoiliiiiii Iliioride-iiliirniniiMi 
fluorklc-cakiium fluoride'. (CIoiupoHitiouH ploKcd in uu)l-|K‘r 

per cent alimiimiin Huoride. Sodium (luorido and (wiltniim 
fluoride also form a eutectic iiiixtun! rr('eziuf>; a,!, Sl()"(!. and 
having the composition 5;i per cent .sodium lluoride, -17 ixu' 
cent calcium fluoride. 

Th(! dotted lino shows the compositions liaviiig sodium duorith' 
and aluminum fluoride jn-t'sent in the eoneentrntion (iorresponding 
to the compound cryolite, and it is compositions in tlie tunglihor- 
hood of this line that are of principal inten-si, in eonneelion with 
the electrolyte for the aluminum protu^ss. It is of intt'ix'st f.o 
note, however, that with ('.xcess sodium fluoride, l.lu' lowest 
melting point is given by the tf'rnary (uib^cl.ie frcx'zing al. 7S0°(’. 
With excess aluminum fluoride, 1,her(> are invariant point,s at 
705°C. and 675°C. 

‘PEDOTiiifP AND luiNRKY. Z. anonj. Chcm., 129, 93 (1923). 
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Solubility of Alumina in Cryolite. 

The solubility of alumina in cryolite and other fluoride mixtures 
^ very important, and the literature contains many contradictory 
tatemcnts regarding their solubility relations. The freezing 
loint curve of mixtures of alumina and cryolite, as determined by 
i'edotieff and Iljinsky, is given in Fig. 51. The freezing point 
cryolite is lowered by additions of alumina until a content 
if about 16 per cent is reached. Apparently there is a eutectic 
[lixture corresponding to this composition which freezes 
,t 935°C. Further additions of alumina rapidly raise the 



51.— niaj^ruHi of fnu'zin^; pointn in ilu' ayHtcnn (Tyolit(‘-:ihiinin;t. 


r('(^zing })oint so that a sat-urat(Ml solution at 1()()()°(\ contains 
)nly about 21 ])(‘r c(‘nt, of alumina. As a matter ot laet^, great/ 
lifhculty is found in completely dissolving 20 per cent of alumina 
n cry()li(/(^ at 1()()()°(\ 

F(‘doti(df and Iljinsky did not d(‘t;(‘rmin(‘ the coniph‘t(‘ lrc‘c‘zing 
)oint. curv(' of alumina wit h t h(‘ system sodium thioridc'-ahmiinum 
luorid(^, but made t,h(‘ (|ualita,tive obs(U‘vations that wlam tlu^ 
n(dt coutaiiKul sodium lluoridc^ in (wcc'ss of the cryoliti' ratio, 
,h(‘ solubility of alumina was ai)preciably incn'jised. TIk' 
'uU'ctic mixtures of cryolite and sodium fluoride (60 p('r c(mt 
3 ryolit(‘, 40 per cemt sodium fluoride) is satairated with 20 per 
3 (uit alumina at about S90°C., and holds a substantially greater 
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quantity in solution at 1000°C. The solubility of alumina 
decreases from the eutectic mixture to pure sodium fluoride, 
in which alumina is completely insoluble. When cryoliio 
contains aluminum fluoride in excess of the cryolites ratio, th(i 
solubility of alumina is decreased. Chiolite (5.NaF.;iAlF,.d 
dissolved only about 10 per cent alumina at 1000°C. 

Fedotieff and Iljinsky found that binary mixturevs of calcium 
fluoride and aluminum fluoride had only a low dissolving*; pow(‘r 
for alumina. They stated that the eutectic mixtures would not 
dissolve 5 per cent alumina. Adding calcium fiuorick^ i-o cryolib', 
they found that the mixture with 10 per cent calcium fluoiu^ 
dissolved 10 per cent alumina easily and the free/iing point was 
lowered to 910°C. With 20 per cent calcium Huorid(‘, tlu^ 
solubility of alumina was substantially less, tlunr slnbumml, 
being that 10 per cent alumina could be dissolved with “coii- 
tinued heating.^^ 

Electrical Conductivity. 

Kurt Arndt and Willielm Kalass^ hav(^ madc^ a s<‘ri(‘s of 
conductivity measurements on fused mixtiin^s of cryolit,(‘ and 
alumina. The absolute values arc in question, hiiut lh{\y n'port 
a melting point for cryolite of 979°Cb, when'as ])ur(^ (uyolitc^ 
melts at 1000°C.; this indicates either an iinimn^ mat('rial or 
some error in the temperature measurements. Th(‘ r(da(iv(‘ 
values, however, are of interest. They found that tli(‘ addition 
of alumina to cryolite lowenul the conductivity and that lh(‘ 
lowering was proportioiial to the amount addcMl. At^ lOOO't 
they reported a specific conductivity of 2.2:> riudproc^aJ ohms p(‘r 
centimeter cu])e for cryolib^, and l.SO nn^iproc'nJ ohms p(‘r 
centimeter cube for cryolite witli 20 p(‘.i* c.(mt alumina. a,d(i(‘(I. 
Mixtures having sodium fluorid(^ in (‘xcess of tlu' e.ryoliti' I'atio 
showed a slightly higlier conductivity than cryolite'. TIh^ 
experiments with cryolite and exce'ss aluminum fluoride' we're^ 
not very succe\ssful, but tlmy conedueh'd tliat tiu' a.ddition e)f 
aluminum fluoride did not mat erially change' the' cone hied ivity. 

CARBON ELECTRODES 

C arbejn may be prope'rly e*,onsiele'reul to be' e)ne' e)f the' ra.w 
materials used in the proeluctie)n e)f aluminum, fe)r the^ eairbe>n 
fur Elektrocfwm , 30, 12 (1924). 
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electrodes used to lead the current into the electrolyte are 
oxidized and consumed in the process; in fact, for each pound of 
aluminum produced, about three-quarters of a pound of carbon 
is consumed. The requirements for a satisfactory carbon 
electrode are numerous. The first requirement is that the 
carbon electrode shall be as free as possible from impurities; the 
ash of the electrode is dissolved by the electrolyte, and the oxides 
of iron and silicon will be reduced and appear as metallic impuri¬ 
ties in the aluminutn. Any lime and magnesia in the ash will 
accumulate in tlie electrolyte. In addition, the electrode should 
have high electrical conductivity in order to minimize power 
losses. It should show a slow rate of oxidation at high tempera¬ 
tures and hav(i as low a thermal conductivity as is consistent 
with its oth(U‘ proi)erties. The electrode should be rugged and 
possess the necessary stnmgth to permit its handling and use 
without cracking, chipping, or breaking. Finally and|obviously, 
its cost should be as low as possible. 

CJarbon eh^ctrodes are made from a mixture in suitable pro¬ 
portions of carbon, in the form of coke, and a binding agent. 
The electrodes fashioned from this mix are then heated to a high 
tcunperatiire to eliminate all volatile matter and produce a hard, 
ruggcul, carbonaceous (dectrode. Because of the essential 
nKpiirenumt of purity, it is customary to use petroleum coke or 
sp(Hnally pr(q)ared anthracite cok(^ in the manufacture of elec¬ 
trode's for tlu^ aluminum n'duction process. 

F(d,rol('um coke^ is ])art,icularly adapt'd for electrode manu¬ 
facture' be^(*-ause it has a very low ash conte'nt, usually about 
O.f) t-e) 1.0 pe'r en'iit, is higli in fixed carbon, and has the' nece'ssary 
stremgfJi a.nd ha.rdn<‘ss. If, is e)l)t.ain(‘d as a re'sidue^ in the dis- 
tillath)n e)f eoaide' oil a.nd is iH'eu'ive'd fi'om fhe^ e)il re'tinerie^s in 
})ie'e*-e'S e)f irre'gular size^ a,nd shai)e'. The conte'nt, e)f volatile 
mattor va,ri('s e'-onside'rably wit h the^ dist illation praedice' and ma,y 
r\in rre)m 1 (,e) 20 pen* v.vni. The^ first^ ste'p in the' manufacture' of 
e'lectrodes is te) crush l,he coke' by i)assing it through roll cruslu'rs, 
afteu* which it may be^ scre'e'iie'd. It is then re'ady tor cah'ination. 

Pitch ce)ke', a prexhict e)f the^ de'striie'-live' distillation of pite*h, 
is alse) useul in substantial amounts in ])lace' of jK'trole'um coke', 
which it cle)se'ly re'se'anble's. Pitch coke' made' by se)me‘ pre)e'e'sse‘s 
is sufliedemtly le)w in ve)latile^ matter te) j)e‘rmit, its use' elire'e'tly 
in the edectroele^ mix witliout a pre'liminary cak'inatie)n. Its 
purity is comparable with tliat of petre)leum coke. 
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The best anthracite coals 


A 


Comhust/on 

homier 


Fto. 52.—Diupirain of ciildlncr 
for (‘jilciniiiK (•f)ko. 


for el{H;trod(i niauiifa-ctun^ hav(^ a, 
hard, den>se striictun^ a,nd are 
relatively low in volatile cont-ent 
and ash, W(‘lsh antliraeiU^ is 
available wilh ash fis low as 1.3 
to 4.0 per c(nit, but th(\ Anu'rican 
anthracite gxnuu'ally runs some¬ 
what higher. 11 is possibles by wet 
conceni-ration to (huToasc^ (Jk^ ash 
conbnit sonuuvhal,, but such 
treatnuvni- is not usmdiy employcHl 
with th(^ W(‘lsh antliraciU^ The 
smalho’ siz(\s of anthra(!i(.(^ a<r(‘ us(m 1 
for {4(‘ctrod(^ manufa(4.ur(‘ a,nd an^ 
usually calciTHMl without pn^vious 
crushing. 

Calciners. 

The obj(H!t in cahiining tlu' cok(^ 
or anthracil(^ is t<o r(miov(‘ tlic' 
volaiih^ (U)nsiJtiH‘nts and lo 
''shrink^’ it l-o in(n*(‘as(‘ its 
density. For tli(^ (‘.ahunaljon of 
cok(^, the gas-h(^at(*d (^ahniH'r has 
been gcuun-ally (Mnploy{‘d, all hough 
the (4 (m 4 ri(^ally Ik^mXcmI (*,aJ(un('r 
lias found soitu^ applic.al ion. 
Th(‘ jiriiunph^ of tlie continuous 
gas-h(*at(‘d n^torl. is illus(.ra,t(‘d by 
the diagra,m of h'ig. 02. TIk* 
eruslu'd jx'trohsim (‘olo^ is led 
through a hoppi'r systenn in (.h(‘ 
top of a (all, V(‘rticaJ n'tort. As 
th(^ ‘‘gr(M‘iF’ c-ok(‘, whi(^h is tlu' 
t(n*ni cusl.oniiu’ily jippli(‘d to th(‘ 
uncaliniK'd (^okc^, is h(‘a4(Ml in its 
descfuit through (Ji<‘ (ap(‘r(‘d r(‘- 
tort, (Ji(‘ volatih^ gas(‘s ar(‘ driv(‘n 
out and pass up through th(‘ 
charg(‘ at the to[), wh(n‘(‘ t h(‘y an' 
tak(ui off, Tlu' (^ok(' is (booh'd at 
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he bottom of the retort and removed through an automatic con¬ 
veying system. Relatively high temperatures of 900 to 1100°C. 
Lre necessary in the retort for the proper shrinking of the coke. 
The fuel for heating the retorts is obtained from gas-producers 
md from the gas driven off from the coke during the calcination 
)rocess. 

Gas-hoat(Hl calciners arc expensive to maintain because of 
he relatively short life of the refractories under the conditions 
)f operation. The use of electric calcining furnaces, therefore, 
las many advantages where power costs arc low enough. The 
limplcst typ(^ of oh^ctric calcincr is intermittent in operation and 
jonsists of an upright cylindrical steel shell lined with refractory 
)rick. The bottom of the steel shell is covered with a baked 
iarbon eh^ctrode mix in which conductors are imbedded and 
vhich is c()nn(^cte(l to one busbar so as to serve as one electrode 
or the furnac(5. A seric^s of cylindrical carbon electrodes are 
mspended in the calciner and connected by cable to the other 
}usbar. In operation, the suspended electrodes are lowered 
intil arcs are formed with the bottom carbon electrode. The 
3 oke which is to hv calcim^d is then fed in around the electrodes 
ind gradually In'atecl until it Ix^comes conductive. As the 
ialcining proc(‘ss proccnuls, the (decl-rodt^s are raised from time 
:o time ami addidonal gnuui coke f(ul in. After the shell has 
3 ecn filkul and Iho luxating has been continued for a sufficient 
ime, tlu^ cunxmt is shut off and tlu^ conUuits allowed to stand 

that (iie volatile^ matter in the coke will largely (‘scajM^ and the 
charge will nuKii a uniform condition. Further standing p('rmits 
die cooling whi(ii must neci^ssarily take jdace before tlu^ heated 
3 ok(' can b(^ unloa,d('d. 

The continuous (‘l(H*.tric (aihiruu’ offers many advantages 
3ver tdu^ intiumiitient, tyjK^. just descrilu'd. An eketric calciner^ 
3 f th(^ continuous t-yp(^ is shown in Fig. r)3. Th(‘ gn^im coke is 
ed continuously down a, vertical shaft, and is luaitisl by the 
passages through it, of an (T'ct.ric curnmt., introduced by upper 
ind lowin’ (‘l(‘(‘,trod{‘s, a,s shown in tiu' draaving. The gas formed 
during tdn^ (^akdnation proc(‘ss is scu’ubixMi to rmnovi' tar or wax 
and part, of it. rmdnuilat.ml through th(‘ lurnaixn Thi' cold gas 
fmtmdng t lu' bot tom of tlu' shaJt (‘.ools t lu' (U)k(‘ to t lu' point where 
it can be satVly disidnirged int.o t.h(‘ aut.omatic. convc'.yor. This 
gas is tlum h('atod during its {)assag(‘ through the furnace and 

’ Hooens, William, U. H. Pats. l,8()(vt*^>7, l,3t)(), t5S, Jan. ‘Jfi, lt)2l. 
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serves at the upper end to preheat Urn entering coke, so as to 
make it electrically conducting. Careful sizing and charging 
of the green coke is necessary in order to ensures uniform conduc¬ 
tivity and hence uniform calcination of t-he charges An improved 
form of continuous electric calcimu*, adaptcul to large scal(^ 
operation, has been invented ))y F. C. Frary and V. C. 
Doerschuk. ^ 



Tho calcined coke will luive il,s densily increased lo alioul, 
J.9 to 2.0 and its cnnlnnl of volalih' niatU'r n-diicc'd to les.s tlnin 
()..) per cent. Ihe leinpcu'ature of calcination slionid In' carefully 
controlled so that tlu' coke is not griiphilized; Ki'iipidti/.ed 
material is undesirable in tlui ('h'ctrodi' iK^eause it in(;reas(\s tlu. 
thermal conductivil.y of the cleetrodi' to too {rmat an exi.ent. 

' PitAiiv and DoEHsi'iiuK, U. S. Pat. l,()7l,()7;i. May 2!), I!l2,s, 
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In Europe, the shaft calciner is in rather general use for the 
ilcining of coke or anthracite coal. In this type of calciner, 
ir is blown through the charge which is descending through 
ae furnace shaft; by the combustion of about 20 per cent or more 
f th(i charges, sufficient heat is obtained to calcine the remainder, 
diis type of calciner requires accurate control to produce a 
niform and satisfactorily calcined product and has the disad- 
antage of burning more material than the other types, and 
onsequently increasing the ash content of the calcined coke or 
nthracit(^. Ho weaver, because of the lower cost of installation, 
nder some conditions it is the most economical type of calciner. 

►reduction of Electrodes. 

The binding materials ordinarily employed in the production 
f electrodes an^ tar and pitch. Tar is the more fluid material 
f the two, and is uscul largely to give plasticity to the electrode 
lix. Pitch is a s(mii-solid product and forms the principal 
Inding agent. A minimum of binding agent is employed, since 
ny volatile matter in the tar and pitch will be driven out in the 
laking of the electrode, and it is desirable to have the electrode 
s dense and free from porosity as possible in order to minimize 
aiming during use. Appanmtly enough binder must be used to 
oat each particle of carbon with a very thin film, and the carbon 
lartich^s tluunsc^lves should be of such gradinl sizes as to give a 
[linimum of voids in finislKul eh^ctrode. The relative 

[uantities of colu', l,ar and pitch will, of course, vary with 
lifT(U*(mcx\s in ih(^ inaiiu’ials themselv(\s. The total amount oi 
>in(l('r used giUKU'ally vari(‘s bi'twi'en IS and 25 jier cent, depend- 
ug on the nuitcu-ials and tlu^ nudhod ))y which the electrode's arc' 
() })(' made*. A mixtiin^ whick is (o b(^ (‘xtnuh'd re'e^uires mon^ 
>ind(‘r t-iuui oiu^ which is to he. shapeul by prc'ssing or tamping. 

In aeldition (.o the cok(^ and binder, two other materials are 
LS(‘d in th(' ('!(Hd.rod(^ mix. Oih^ is greem or unbaked electrodes 
(irap, c.onsisling of nsjesestesd (slectrodes and other scrap from tins 
Lydraulie. jinssses. dfliis has, ol course', thes sanies ceimpeisitiein 
.s the e'lesctreiele mix anel esan be iise'el in any quantity. Aneither 
uaterial aelele'el is resclaime'el e'h'estreieless from the reeluction cells, 
rhe but;!/ esnels eif t.hes esh'd-reieh's usesel up in the reeluction cells 
.re save'el anel workeel baesk int-e) (lies ele'cirode mix. It is first 
lesce'ssary, he^wesve'r, (ei esrush (hesm anel re'me)VO any metal cenning 
rom (he' reiels use'el in suspe'ueliiig the'in in t he' cells, after which 
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they are pulverized and stored for use. The amount of this 
material which can be added to the mix must l)o carefully 
controlled. 

The various ingredients of the electrode mix, i)rop(U'ly pul¬ 
verized, are stored in suitable bins from wliie.h tlu^y are wcughcHl 
out in proper proportion and oonveyc'd to a mixing macliirui, 
usually stcam-jacketed. Here tlu'y are thoroughly iiu^orporated, 
after which they may he regroimd soiiH'what and furtlK'r inixcnl 
in edge runners or Chilean mills, or tlui mix may ln\ directly 



Fig. 54.- Floctric furnudCH for (‘h‘(‘tro(l(\s; funuici' in (’(‘tilor in opiMi :itirl 

Uiiloadcjl. 


conveyed to tin* ek^cirode pnwww. Mkud.rodes, iit l(‘ii,s(. of tlie 
Hinaller sizes, are extruded under liisli i>r(!SHur(‘ in a liydrauli(! 
press. The extrmled in-oduet is cut into suilnhle lenglhs and 
convcsyed to the baking furnaei's. l-ilcictrodc's of large size may 
be foiincd in molds Ijy pnissing or tamj)ing, and (.his permit,s 
chainfciing their tops so as to r{Mluc<^ (,h<* wcdgld. of unus(sl 
carbon which must be. returimd to tin; proecws. 

As in tile calcination of coke, both gas-lieated and (“lect.ideally 
Jieated furnaces are employed for (,he baking of electrodes. 
Imcal conditions, such as ])ow('r costs, are import,aid. facl.ors in 
determining which method is most economical (o use. In (dther 
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^rpc the electrodes are packed into a chamber and surrounded 
y a granular supporting material, such as coke dust. In the 
as-heated type of furnace, the function of the carbon dust is 
irgely to support the electrodes so as to maintain their shape 
uring the baking process. In the electrically-heated furnace, 
ae charge itself must act as a resistor and carry the current. 



i'lu' curnuit is carried by pn'viously bakcul con's until the furnac(^ 
;harg(^ is lunit-(Hi to IIk^ ])()int- at. which it Ix'conu's conductive'. In 
h(' baking opc'rat.ion, tlu^ volatik^ inatt('r is drivi'ii out and the 
)ind(U’ c,ar])()niz('d. ddi(' (h'lisity ol tlu^ (d('(^trod(' is n'ducc'd and 
ts ('l('(dri(*.al (M)ndu(divity is subst.antially incr(‘as('d th(‘r(‘by. 

When the baking opf'ration is coinpk'tc', tlu' l‘urnace is (u)ol(‘d 
lown to the point when^ the electrodes can b(^ rc'inoved without, 
langer of burning, and without too much discomfort to tlu^ 
vorkman, and t.lu' furnace is opened. Tlu^ (dectrodc'S an' then 
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ready for the cleaning opiu'ation reciuiriMl l.o n^movc^ any packing 
material adhering to the surface of the (d(^ct<r()d(\s. Tliis can be 
accomplished by holding the clectrodeH against n^volving brushes, 
or by tumbling them in larger st(Hd contaiiKa’s. The (^hud.rodcis 
after baking are hard and rugged, and if properly mad(^, stand a 
great deal of rough treatment. 

The smaller sized extruded electrodes are gxuuu'ally cylindi-ical 
in cross-section and from 3 to 6 inches in diainebo’. Tiu^ pr{\ss{Ml 
or molded electrodes are usually square or rectangular in scadfou 
and are made in sizes up to about 12 by 20 incluvs. Tlu^ type' of 
electrode used depends, of course, on the (U^sign and nudJiod of 
operation of the electrolytic ccdl. 

The final operation in the production of (^hud.rodc^s (ionsists 
in attaching the rod used in suspending it in tlu^ c(T and whicli 
also acts as a conductor for the current. Jh)(Ji iron and copp(‘r 
rods have been used for this purpos(^. The (H)pp('r rod has a 
higher conductivity and lumce lower power loss, bid^ is much 
more expensive than the iron rod. In tlu^ cas(^ of larg(^ j)r(‘ss('d 
electrodes, a hole is molded in the unl)ak(Ml <d(‘ct-rod(‘, and aft(‘r 
baking, the iron or steel supi)orting rod or ilu‘ stub to wlii(;h 
the rod is later fastened is attached to tlu^ carbon by ins('r1ing 
it in this hole and casting iron around it-. (-op])(‘r rods are 
attached to the extruded carbons ])y drilling a bob' in (In' (‘iid 
of the carbon and screwing into it a copper rod, l-lu^ <md of wliic^h 
is threaded and which cuts its own thn'ads in tin' (carbon. An 
alternative method is to ream a tafx'nul liol(‘ in (h(‘ c^a-rbon 
anode and drive it onto |.|ie tapen'd (‘iid of Uk^ imdn-I rod.' 

The diagram of Fig. 4"!- shows in out-lirK^ tlu^ vn,rious st('ps 
employed in the production of carbon (hu^t-nxb's jit- (.h(‘ Arvida 
plant of Aluminum Conq)any of (kinada. 

C. W. Sddorberg has d(^v(^loped a so-(;alI{Ml ^Aiontinuous 
electrode’’ which is fornuxl, baked, and continuously r{‘n(*w(Ml in 
the furnace in which it is used. The ai)plicai.ion of (lu' S()d(U'b(‘rg 
electrode to the electrolytic production of aluminum is dis(‘uss(‘d 
in the next chapter. 

1 Boothman, D. M., TT. S. Pat. 1,•!<)(), r)()A Apr. 1.5, 11)21. 

'•i IVb’BiiiDE, It. S., Chain. Mat. Eiuj., 34, 7() SS (1<)27). 




Practically all the common metals, (except when they are 
und free in nature, are produced from their oxides by reduction, 
removal of oxyj2;en. Aluminum is no exception to this rule, 
it may hv. produced from other compounds such as the 
iloridc^, fiuorid(', or sulfide, th(^ greater cost of these compounds 
id th(^ diftiCulti(NS involved in their decomposition make their 
50 too expensive. 

Aluminum oxides lias a very much higher heat of formation 
lan the oxides of such metals as iron, zinc, lead, copper, and 
[1, and this is ih(^ reason why it is so difficult to reduce.^ 



(ail()ri(is p(U’ 

Calories pen 


gi^ani mole- 

gram atom 

()xi(l(‘ 
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oxygen 

Alumimnti Oxides (AlA);i). 

.37,S.() 

126.0 

Iron ()xi(l(‘ (Id'ri’ous, tVO). 

. (>5 7 

65 7 

Iron ()xi<i(* (K(*rric, Id'.jO.O. 

. I9(),r) 
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Iron Oxide (MagiuMic, Id‘;,(),() . . . . 

... 270 S 

67.7 

Zinc. ()xidc (ZiiO). 

.. .t.. sr).2 

S5.2 

bead ()xid(‘ ( Pb()). 

. . . 50 d 

50 2 

I.(‘ad P(M'oxid(‘ ( Pb( )•.) 

.... (>2. 1 

21 ,2 

( hpp(M’ ()xid(‘ (( hi()), . . 

. 27.2 

27 2 

'rin Oxide (Stannous, SnO) 

. (>().9 

()6.9 

'Fin Oxiih' (Stannic. SnO.). 

. 127.5 

6S.7 


('tuliie- oxid(‘s with low or mod(‘rat(^ h('ais of formation may bci 
,sily ixmIiummI by {^a,rl)on or carbon monoxidi' at mod(M*ate 
mp('ratUH'S, usually umhu* 1()()()‘’(\ (hSOO^F.), and a n'lativi'ly 
npl('. snu'Iting pro(U‘ss is all that- is r('(|uir(Ml to {iroduce 
etal. Aluminum oxid(‘, how(‘V(‘r, (^a,nnot !)(' n'diicusl at all by 
jbon monoxid(', a,nd is only at,t-ae-k('d by (airbon at tempera- 

’ Thasc. luMits of formal.ion aro usually givcui in kilojrrani-calorias peu'gram 
j1c(ui 1{^, but to g('f IIhuu on a nommon basis we should compare the vahu's 
r gram atom of oxyg(m: 
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tures above about 1800°C. (3270°F.)- 81uch toinporaturcs can 
be obtained in an electric furnace, but thi)y are (expensive to 
maintain. The principal difficulty in tlius producing aluininiim, 
however, lies in the fact that the nuiuinul tenpxuxiture is so high 
that the aluminum formed reinains in tiu^ gas(H)us static, and is 
carried away by the carbon monoxide fornuul by the reaction: 

AloOa + 3C - 2A1 + 3(H). 

It is only by having considerable amounts of ol.h<‘i‘ inelals, such 
as copper, iron, or silicon, present to conibiiH^ wil-h tlie aluniimuu 
and reduce its volatility, that metallic aluminum (in (Ju‘ form 
of an alloy) can be recovered by smelling its oxid(^ with c<arbon. 

This same high heat of formation of tlie oxid(‘ ])r(W(m( 4 S th(^ 
electrolytic deposition of aluminum from any a(|ueous solution 
of its salts. Copper, iJinc, tin, and iron can Ix^ ('hxd-rolytically 
deposited by passing a direct curnmt through a(|iuu)us solutions 
of their salts, but when an aluminum salt is thus ('huH-rolyzed 
the metallic aluminum reacts at once with tlu', water to form 
aluminum oxide or hydroxide, and hydrogem. HHiis may be 
explained on the ground that aluminum has a gr(^a.t(u* aflinity for 
oxygen than has hydrogen; in other words, tli(‘ heat (‘vo1v(m 1 
when an atom of oxygen combines with aluminum is great<‘r than 
when it combines with hydrogen. Evidently tlum, in ord('r to 
electrolyze aluminum compounds, w(^ must (‘mi)loy a solvent 
which does not react with aluminum, and is mon^ dillhuilt to 
decompose electrolytically than the aluminum (‘.ompound we 
propose to use. 

Charles M. Hall,' n^asoning and ('X])(‘rim(mting along th(‘S(^ 
lines, discovercxl such a soIv(mt in th(' n;itura,l miiH'raJ (u*yolit(', 
which is a double fluorid(‘ of sodium and aluminum, having th(^ 
chemical formula Na.iAlKo. This substances merits jit about 
IGOO'^CH, and at temperatures slightly abovei its mehting j)oint 
is able to dissolve as much as 10 to 20 pen* cemt of its weught of 
aluminum oxide,. Other fluoride^s may be addexl to th(‘ (deadro- 
lyte to improve its behavior.- If a dirc'ct curnmt Ix' ])ass(‘d 
througli this solution, tlu^ aluminum oxides is d{'(X)mpos('d; 
aluminum is being deposited (molten, since^ its nudling point is 

OIall, C. M., U. 8. Pat. m,m7, Apr. 2, I.SS9; Ur. l^at. r),()70 (ISSD), 
Juno 1, ISSU; Swi.s.s Pat. 921, May 22, 1SS9. 

Hall, C. M., U. H. Pat.s. ‘100,CCJ and J00,7()(), Apr. 2, 1SS9; Br. Pat. 
5,669 (1889), Juno 1, 1889; 8wod. Pats, 2361, Sopt. 27, 1890 and 2,825, May 
16, 1891, 
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.)oui ()60”(/.) at Ui(‘ oathodo or polo, whilo oxygtni is 

^posited at the anode or positive pok^. 

In practice this positive pole is made of carbon, and the 
:ygen at once combines with it. It is probable that the primary 
‘oduct at the anode is carbon dioxide, more or less of which is 
[bsequently reduced to carbon monoxide by the hot carbon, 
he oxidation of the carbon anodes by the electrodeposited 
[ygen adds a substantial amount of heat and in effect reduces 
le amount of electric energy required to maintain the fused 
ith at the proper temperature. 

Both fused cryolite and molten aluminum are extremely 
active at the temperatures at which the electrolysis takes place, 
id therefore the probkun of a container is a serious one. Hall 
ived it by using an iron crucible lined with carbon, and the 
dustry has found notliing better as far as materials are con- 
irned, although of course the form and mechanical construction 
the cell have unden-gom^ extensive dev(dopm(mt, and tliere are 
any different typi'S in use. 

tie Electrolytic Cell. 

Broadly, a cc^ll for the electrolytic production of aluminum 
imprises a strong steed box, (utluu' rectangular or circular in 
tape, provided with a carbon lining 6 to 10 inches or more in 
ickness. The diagram of Fig. 5(3 shows the characteristic 
atures of tlu’s (dectrolytic cell and tludr redation to each othi'r. 
be s(:eel plat(^ usial is from 1 to 2 inclu's thick, and gem'rally 
akes contact, (dtluu* dinuddy or through collector plates, with 
,e carbon lining, so tiiat tlu' st(‘(d sludl may be us(hI to carry th(^ 
irnmt to tlu^ carbon cathod('. In som(^ c(dls luaivy st('(d 
,stings, l()eat(al within and insulat.(‘(l from tlui stend sludl, an^ 
ied to inak(^ contact with tlu^ (uirbon lining. In smdi a case, 
u‘ (md of the casting projiuds through an opeming in the sbad 
(dl, ami tlu^ curnmt,-carrying cabh'S are bolted to it. In some 
,ses insulating mait'rial is us(‘d b(dAve(m tlu^ (^jirbon lining and the 
(dl, s(U’ving tlu^ doubk^ purposes of retaining lu'at in the cell 
id tdius (pn^sumably) rculucing the j)()W('r r(‘([uir{‘(l to maintain 
at the ])rop(U* t(uni)eratur(', and lowcuing th(‘ t('mperatun‘ of the 
[i(d shell so that it is ('asi(‘r for the workman t.o att(‘n(l to 
e cell. Tlu'n^ siumis, how(W(‘r, to b(^ sonu' (liffer(mc(‘ of opinion 
nong operators as to tlu^ real advantage's of such thermal 
sulation, wlum all factors arc^ considcu-ed. (kui.ainly, however, 
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licating by l.hc auxiliary use of alircruatiiig ciirnuiL/ or of ga,s or 
other flames*’ is unnecessary and impraci-ieal. 

The size of the cell and the size of the elee(<rolytc cavity 
vary, depending on the number of amperes which it is int(md(‘d to 
use in the cell. It is probably not f(uisibl(‘, to go Indow about 
8,000 amperes; and on general principles, ilu^ mon^ (uirnud, that 
can be used in a cell, the lowcu’ the cost of producing a i)ound of 
aluminum. This is chiefly due to tlu'. fact that il. (-ak(^s practi¬ 



cally as much labor to run a small cell as i(. (lo(‘s (o run a, la.rg(‘ oik' 
(of proper design), while the amount of aluminum prodiua'd \)vv 
cell per day is approximab'ly proi)ortional lo (la* cunvn!, 
employed. The upper limit in amounl, of (uirrcud. (unployc^d 
is set by the increasing difliculiy involv('d in c.ha.nging a,no<l(‘s 
and breaking in the froz('n crus(- in llw larg(‘r ccdls. I ( is proha-bk* 
that for cells with muKipk^ ('](‘e(-rod(‘s (his ]>ra(d.i(^al limi(, is 
nearly reached at 30,()()() amp(u•(^s, bid- jierhaps (Ju^ appli(*a(ion 
of the Soderberg continuous (dectrodi^ may p<u*mi(, (Ji<* usi* of 
larger currents. 

^ Allgemeine Elektrizttats Oes., Gcm’. Pat. 332,()()0, F(‘h. 7, 1021. 

'Dolteu, H., U. 8. Pat. 1,7)80,i(H), Apr. 13, 1!)2(); Hr. Pat. 210,1(>3, JiUKi 
3, 1926; Gor. Pat. -147,687, July 27, 1927. 
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The carbon lining of the electrolytic cell is of great importance, 
must have adequate strength and electrical conductivity " 
that it will remain in place and carry the current to the 
otallic aluminum. If it becomes overheated or stressed 
cally it is likely to crack or disintegrate, and of course if its 
rength is inadequate it is easier for it to be broken. Broken 
eces of lining will float in the bath and cause trouble at times 
T making partial short circuits between the anodes and the 
etal. Breaks in the lining also permit the aluminum to run 
>wn and make contact with the steel shell or lining plates, 



r)7. Sl.(‘itni jack(‘t(‘(l niixc'r.s for (•arl){}U linitiji; for 


(h result iluU tlu' aluminum dissolve's llu' iron and is 
ntaininab'd to such an ('xi-(‘ul (hat l lu' must. Ix' shut down 
id tk(' lining r('plac(‘(l. This involvc's a considerabh' (‘xjx'use, 
)i only on aecounl of tlu' labor involved hut also Ix'causc* of the 
c.i that th(^ I)orous carbon lining absorbs sonu'wlu'rc' lu'ar its 
^n wchght of the fused electrolyte; and sinci' it is iinpossihlo, 
genc^ral, to patch such a lining, throwing away lh(‘ lining 
volvf^s the loss of a considc'rabh^ amount; of cryolit(*. In 
Idition, when a c(dt is first i)ut into o]K‘ration with a iww lining, 
j metal output; is low for tlu^ first w('('k or two, and in gt'iieral 
e equality of the metal is not up to standard because' of coii- 
mination from asii of the coke used in the lining. 
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Evidently the proper lining of the electrolytic cells is a matter 
of great importance to the aluminum producer. There are 
two types of lining used. One is made by ramming into tlui steel 
shell a hot mixture of pulverized coke with i.ar and pitch, using a 
suitable cast-iron form to give the cavity tlu^ d(\sire(l shape, and 
then baking the whok^ in a furnace at about (iOO to 8()()"( k The 
other method involves building up tluj lining out of (uirbon 
blocks which have been prefornuHl and bak(Hl in tlu^ same way 
that the electrodes are manufactured, cementing th(\s<^ l)locks 
together with a mixtuni of tar, pitch, and ground (‘,ok{^. In 
either case, great pains are takem to j)roduc(^ as durabh^ a lining 
as possible so as to give the c(dl as long a Hie as possibles and thus 
reduce the plant expense for relining. A c(dl may run from 1 
week to 3 years before it is muH^ssary to line it. It also has 
been proposed^ to use graphite blocks for lining tlu^ cells, l.)ut 
this lining would bo very expensive. 

The carbon anodes are likewise made of a mixtuni of carbon, 
pitch, and tar, stamped or pressed into molds or ext-rud(ul through 
a die, and subsequently baked at lOOO'^Cb or mor(\ B(H‘mise 
ordinary coke contains a relaitvely larger amount of silica and 
iron oxide in its ash, which would contanunat^(^ the metal mad(^, 
it is customary to employ petrokuim cok(^ or (‘Ise a spcnnal 
low-ash anthracite, or both, to furnish iho. carbon. 

Two or more copper or aluminum busl)ars an^ supporbul above 
the electrolyte cavity of the cell, and tlu^ a,nod(^s hang from th(\se 
and dip into the molten cryolite ekud rolyb^ Th(\y an' supporbul 
by rods or bars of copper, aluminum, or iron, which an' (daiiqx'd 
onto the busbar and not only supj)ort tlu^ ano<l(‘s nH'cJninically 
but also carry curn'iit io tlnuin One of {]u\ imj)or(.n.nl. factors 
in the operation of ttu^ cell is the adjustment of (h('S(^ amxk'S so 
as to properly divide the current, among tiuun. If an a-mxk' is 
set too low, a projecting point may touch t-lx^ m('ta,l layc'r in th(' 
bottom of the cell and allow ])art of the curn'iit, to pass din'cdly 
to the metal without passing t,lirough ttie ('k'c(,roly(e, and t.luis 
without producing any aluminum. If tlx' a,nod(^ is s(d, too high, 
the resistance of the thicla'r lay('r of (hict.rolyh^ lH‘t,w(H'n it and 
the cathode will prevent it from tn.king its shari' of t-lu' curn'nt 
and, consequently, increase tlu^ load on the otlu'r anodc's. 

M.Ammu, E. n., Swiss Pal. 121,SCO, Aur-. I, 1027; Span. Pal. 1)8,527, 
.lun(‘ 26, 1026; Gnr. Pal. 452,805, Nov. 22, 1027; Vv. Pal. 61S,85(), Mar. 8, 
1027. 
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5derberg Continuous Electrode. 

C. W. Soderberg has invented and developed a eontinuous 
If-baking electrode which has interesting possibilities. Its 
iginal applications were in the electric furnace production of 
Jcium carbide and ferro-alloys, but its application to the 
ectrolytic reduction of aluminum is now being developed, 
he Soderberg electrode consists essentially of a cylindrical 
etal mantle or casing extending from the furnace to a platform 
Gated directly above the furnace.^ This mantle is filled with 
.e carbonaceous mixture constituting the body of the electrode, 
lie mantle serves as a mold to hold and support the carbon 
ix during the baking operation. It also protects the carbon 
om oxidation and helps carry the current. The electrode 
ix at the lower end is gradually baked by the heat from th(^ 
rnace as well as by the current passing through the mantle and 
rough the carbon of the electrode, where it has baked sufH- 
:^ntly to become electrically conducting. In operation, as tho. 
;^ctrode with its enclosing mantle is consumed at its lower end 
the furnace, the electrode is lowered. The baking operation 
thus continuous, as the soft electrode mix gradually becomes 
)tter and hotter in approaching the furnace zone. From time 
time, as necessary, a ik^w section is welded or riveded to the 
p of the mantle and filled with warm, soft dectrode paste. 

The diagram of Fig. 58 illustrates, in principle, th(' application 
the Soderberg electrode to the production of aluminum. 

1 8(>DicitBiOR(}, O. W., IT. 8. Pat. 1,440,724, Jaii. 2, 1023; Can. Pat. 210,002, 
n. 21, 1022; Hr. Fat. 137,Sll, Mar. 11, 1020; Fr. Pat. 503,300, Juno S, 
20; Cl(‘r. Piii. 321,711, St'pF % 1020; Norw. Fut. 32,010, Auo;. 15, 1021; 

/iss Fat. S5,110, May 17, 1020; Ital. Fat. 231,705, Supt. 4, 1025; Span. 

4,. 70,702; (’z(‘cli()-Sln,v. l*{il. 12,0S5; Ilollaful Fat. 7()2(); Ur. Ind. Fal. 
) 11 ; Jufi;(>-Slav. Fa.t. 1,035; Fal. 2S2,55}; Ausl. l^ii. Si,102; Austral. 

i,t. 13,033; U()iiina.n. Fats. 7,102; S, 100; Swc'd. Fat. (>2,315; Lii.\'(Mid)Ui^- 
Lt. 13,003; Forluji,’. Fa.(. 10,OS3; Huii”;. Fal. S5,S15; Folisli Fat. 3,02S; 
•^(‘tdiiu^ Fat. 17,101; Bra/. Fat. 11,707; ('hiliaii I’al. 1,100; Mc\. Fal. 
,100; Fat.. 23,155; Jap. Fa,t.. 00,501; N(‘\v Ztadaifd Fat. 12,070; 

uth MV. Fat. S24/10; 11 ( 4 ^- Uomru Fat. 1,120. 

SoDioiiHSucj, (2 \V., II. S. Fat.. 1,1 1 1 ,037, Jaii. 2, 1023; ('an Fat. 215,()07, 
(1). 7, 1022; Ur. Fat.s. 110,S35, Junn 27, lOlS; 110,01S, Sc'])!.. 10, lOlS; 

■. Fat. 4X3,773, Nov. 14, 1013; ('um-. Fat. 317,0t)0, .Ian. 2, 1020; Swiss 

It. 73,351, Sept. 2, 1013; Norw. Fats. 23,700, May 13, 1013; 32,041, 
ay I, 1017; S\v(‘d. Fa,Is. 44,002; 10,500; ('/(aOio-Slav. Fat. 1(),()01; 
jro-Slav. Fat. 1,073; B<4r'. Fat. 231,530; Aust. Fat. 32,553; lial. Pat. 473/ 
8; Portug. Pat,. 10,032; Span. Pat,. 70,430; Polish Pat. 1,221; Argiuitinn 
It. 17, 103; Hraz. Fat. 11,700; Mn.x. Fal. 10,150; Jap. Pat. 44,334. 
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Instead of a multiplicity of elcKitrock^s, as in tlu^ (uisi^onuiry typo) 
of cell, only one Soderberg ek^ctrodc is employed pcu’ e(dl. Since 
the mantle is consumed together with th(^ carbon interior, it 
should be designed so as to introduce a minimum of impurity 
into the aluminum. From th(^ standpoint, of low cost, a thin 
sheet-iron mantle has mucli to recommend it but., in ordinary 



operation of the ek'ctnxk^, it will appuH^iibly in(‘r(*a,.s(‘ tlu' iron 
content of tlu' aluminum. W('stly' lias d(‘vis(*(l a scIumih' of using 
a thin sheet-iron rnani-le and st-rip])ing it fi’om (lu' (‘k'cl nxF 
before it enters the electrolytic cdl. A simpku* nu'lhod is to 
make the mantle of aluminum; its 1ow<m* (ukI is gradually m(‘lt(‘(l 
off in the cell and the aluminum r(*(M)V{‘red wlum IIk' cell is 

^Westlv, J., U. S. l,Gr)7,<MS, Jan. ;U, L!)2S; Hr. Hal. Aiig. IJ, 

1025; Fr. Pat. 5H0,007, June ‘), 1025; Norw. Hal. 11,050, Mjir. <), 1025; 
Swiss Pat. 112,200; Swed. Pat. ()(),l()2; Hal. Hat. CSl/ 111; (On*. Hal. 125,MJ; 
Jugo-Slav. Pat. 3, -HIS; Hr. Iiul. Hat. 10,015; Au.slraJ. Hal.. 2l,:^0(); N(>\v Avii~ 
land Pat. 21,36(3. 
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,pped. Current is led into the mantle and the interior of the 
Bctrode by suitable contact stubs attached to the mantle and 
bs extending into the electrode massd Only one lead is shown 
the diagram, but in practice a number are placed circumferen- 
illy. As the electrode is consumed, the current leads are 
ccessivcly moved to the next higher row of contact stubs, 
tic electrode is a heavy structure and a very substantial clamp- 
g device is necessary to hold it securely and lower the electrode 
nn time to time to just the desired distance.^ From time to 
no it is also necessary to raise the electrode clamps with respect 
the electrode mantle to prevent their entering the cell and 
ing melted off. 

The electrode projects through a hole in a platform supported 
ovc the cell. The workmen stand on this platform while 
tacliing new sections to the mantle and filling them with 
ictrod(^ T)aste. This electrode paste is a heated mixture of 
fbon aiifl tar-pitch binder. Because it is impractical to use 
y considerable pressure in tamping the mix into the mantle, 
is made with sufficient binder to make it fluid or at least of 
ry high plasticity.In this way it settles to a solid mass by 
; time it reaches the baking zone. A dense baked carbon, 
ctrode of good conductivity is thus obtained at the lower end. 

leration of Electrolytic Cell. 

In op(U'ation, the cell contains a layer of molten aluminum, 
ieh may vary in thickness from a fraction of an iiicluipfodurb 
;h(vs, resting on th(^ l)oi:|()m of th(! cell, 'riie density of moltcm 
imimim is 2 2!) grams p('r ee, at l()0()°('., wliile lliat of Jnolleti 

Si)i)ioiiiiKR(i, ('. W'., U. S. Pul.. piiSli, 171, Ocl. 2, 1()2S; Norw. 

72S, Scpl.. HI, HI2r). 

VasTio, .1., U, S. Pul. l,l)i:i,212, .lull. I, 11)27; Hr. I’ut. 227,,S2(), .Juiir 
11)2,''); Kr. Pul.. .'■)Si),!MI,'), .Imic 11, 11125; tier. I'ul. •I27,:jr),5, .ypr. (i, U)2I); 
rw. Pul.. Il,:il);t Muy IS, 11)25; Swed. Pul.. Ill), I 17; Swi.ss Pul. 112,2!)S; 

1. Pul. l)S I,/lKi; ,lugo-Sluv. Pul. li. l Hi; Hr. bill. Pul. 10,1)11; ,)u|>. Pul. 
5Si); .\iislrul. Pul.. 2l,;ilil; New Zculuiiil Pal.. 21,31)1. 

SoDKitiiloHii, (I. W., 11. S. Put. t, ll)S,,5S2, .luiH! 21, 1!)2I; dun. l^i.|.. 212,- 
, Muy 31, 11)21. 

S('ii)i.:ii.imK(i, (!. VV., U. S. Put. 1,1)70,0.52, Muy 1.5, 102S; ('.an. Put. 
,1)07, Oct. 12, 1021); Pr. Put. .5.SI,.5I)!, Pcb. 10, 11)25; Norw. Put. ■I0,3!)S. 

■. 1, 1021; Swi.s.s Put. 111,0.53; .Swcil. Pul,. 02,1.53; Itul. Put. 0.55/21; 
iiK. Put. S0,7.S2; Spun. Put. 1)0,2()0; Kimiisli Put. 11,05.5; .lap. Pul. 01,.571: 
:()-Hluv. 3,7.57; S. Air. Put. 7.52,/2.1; Hclg. doiigo Put. 1,12.S; I-Iolluiid Pat. 
005; Belg. Put. 332,31.S; Houin. Put. 10,1)32; Egy])!.. Put. OO-A.l. 
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cryolite is 2.095 grains per cc.‘ Consequently, the molten metal 
will remain at the bottom unless the cell contents are very 
violently agitated. The density of molten cryolite a,ml aluminum 
for teinperaturos up to 110()°C. is shown in hlg. 59.'^ The 



Temperature-Deg.C. 

Fid. T)!).' l){'iiHity of cryoliio and aluininuin bctUvf'cn lOOO and I !(»)"(’. 

(Iciiyity of cryolito oli!Ui^'(\s liiu'juiy with r(‘sp(‘(d- to t(Mnj)(‘rnl ur(‘ 
and does not show a niaxiiimtn, a-s olaiiiH'd by Pa,s<*.al and Jouni- 
aux.^ Although th(' dcuisil-y of lifjuid (ayolild^ in(a’(‘as(‘s fastiM' 
lhan that of aluiuinmn, with falling UMnjx'ratun' it dot^s not- 
bocoine equal to it,. Solid alumina is inon' d(‘ns(‘ lhan (‘ryoliti' 
but the solution of aluiiiina in licjuid (‘ryolil(‘ is light,(U* than 
^Edwards J. D., 'V. A. Moormann, Chum. i\Ir(. At/.f/., 24, (U (1921). 

“ Edwards, ,I. D., Unpublisluul lC.Kp(‘rnmmts. 

^ Pascao uiid JociNiAUX, R(‘o. Mu I all unfit', 11, lOOO (Mill). 
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wii-hoii(- disRolvod alumina at tho saiiio temperaturo. 
ilciiini fiuoride, on the other hand, increases the density of 
[uid cryolite. Above the molten metal is a layer of from 6 to 
; inches of molten electrolyte which is essentially a solution of 
amina (usually about 2 to 5 per cent) in molten cryolite, but 
lich may also contain other fluorides either added purposely 
coming from the other metals {e,g,, calcium and magnesium) 
esent in the ash of the anodes. Above the molten electrolyte 
a crust of solidified electrolyte mixed with aluminum oxide, 
rough which the anodes project into the electrolyte. In 
neral, the lower ends of the anodes will be from about 2 to 4 
3 hes from the metal surface. 

During operation, tlu^ electrolyte is kept in continuous agi- 
tion by the bubbles of gas (carbon dioxide and carbon 
Dnoxide) given olf at each anode, and by the effect of the 
ignetic field produced by the large currents flowing through 
e anode busses, the cell walls, and the lining. Any conductor 
rrying a current and lying in a Tuagnetic field tends to move in a 
'oction at right angles to this field and to the direction of 
current, and fused salts are no exception to this rule. Con- 
luently, the passage of th(‘se large currents through the fused 
ctrolyte from anode to cathode causes a vigorous electro- 
ignetic stirring of the electrolytes and metal layers, the vigor 
d direction of the motion being dependent on the current 
usity and the distribution and stnuigth of the magnetic 
d in th(' cell. 

The ])raclical importance^ of this agitation is s(hui when we 
(1 tliat. tli(' aluminum oxi(l(', which is add(‘d to th(‘ C(‘ll Iroin tinu^ 
tinu', is actually (M)nsi(l<‘rably li(‘avi<‘r than (‘illu'r tlu' molten 
ctrolyte or t-lu^ molt(m m(‘tal, and if tlua'c^ \yviv no agitation it- 
uld at onc(‘ sink to tli(‘ bottom of (h(‘ (*<‘11 and accumulat<‘ 
(ha* tlH‘ m(‘tal layca*. This would not^ only pr(‘V(‘nt t lu' (‘hadi'o- 
from dissolving it, promptly, but- would caus(' incr(‘as<‘d 
istanc(' and ov('rh(‘ating at- tlu^ contact- l)(dw(‘(m th(' medal 
:1 the (airbon lining. ll()wev(‘r, if t h(' alumina is fine (uioiigh, 
m though fuscal alumina wit-h a (hmsity ol about 4 he us(‘d,' 
is maintaiiu'd in susp(uision by 1h(‘ agitation ol the ius('d 

Fuary, F. C., U. S. Viii. 1,531,031, Apr. 21, 1025; ('an. Pat. 25(3,131; 
•. S, 1025; Hr. Pat. 232,ISO, Juno IS, 1025; Fr. I'at. (300,146, Nov. 3, 
15; Ital. Pat. 23S,()7(), July S, 1025; Swiss Pnl-. 115,740, July 1, 1026; 
rw. Pat. 46,812, Aug. 10, 1020. 
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(‘,l(^ctrolyte long enough lo [x^ruut it '1o dissolve. The a.ciual 
time required for 2()()-ni(^sh nluniina i.o e()ni})l(d.('ly dissolve^ in 
fused cryolite (2 gnuus aliunina in 150 grams cryolit.cO has Ikhui 
found by experiment to vary betwetui 2 9 minutes, depemd- 

ing on the temperature, degree of saturation of ekud-rolyte, 
and the character of the alumina (whetluir ])or()Us, as produced 
in the Bayer process, or compact, as made l)y grinding up 
electrically fused alumina). 

It has been proposed, in case fiisc^d alumina is used, i,<) mix 
amorphous (?) alumina from the Bayer procc^ss^ with it,. Alumi¬ 
num carbide may replace all or part of tlu^ oxid(‘.- It also has 
been proposed to dissolve the electrothermal I}/- fiisinl alumina 
in a separate crucible of fuscul cryolites and int.rodiuu^ com¬ 
pletely molten solution into th(^ el(ud,rolyilc cell.'^ 

In the operation of the cell, as Uie (dec.trolysis continues, the 
aluminum oxide is used up in direct proporilon t,o l\w. production 
of metal. As the concentration of tlu^ alumina in tlu‘ fus(Ml 
electrolyte is thus reduced, a point is finally n^acJuMl wlum tJie 
so-called ‘‘anode effect” occurs. The actual con(^(‘ntra(,i(m of 
alumina at which tliis occurs seems to vary sonu'wliat, and 
probably depends on the temp(‘rataire and composition of tlu^ 
electrolyte and the anode current d(msity, but in giuu'ral it, is 
likely to be around 2 per cent. Its o(Hmrr(‘n(H^ is a signal to 
the attendant that it is time to add mon^ alumina, which h(‘ d(H‘s 
by breaking in the crust, on tlu' toj) of wliich h(‘ ha,d ])r('viousIy 
distributed a certain amount of alumina.. Tlu' a,ddition of tlu' 
alumina and a vigorous stirring of th(‘ ('I(‘(‘droIyt<‘ c.a,us(‘ t h(‘ a,nodi' 
effect to disappear and tlu* ('l(‘c,trolysis to n'suim' its normal 
course for several liours, until th(‘ ('h'c,truly to is a.gain sufliehmtly 
impoverished to cause th(‘ ('ftecd. to (xaair. 

There has been considi'rabh' discussion of th(‘ na.tiir(' a,ml (‘aus(^ 
of the anode effect.‘‘ It mauilest-s it.si'lf in a suddi'u ris(' in th(‘ 
voltage across the C(dl, from (> to 7 volts up to :>() or (‘V(‘n (iO volts. 
In order to detect this chang(‘, an imnindi'Siaait lamp is e.omi('(ded 
1 Haglund, T. R., Fr. Pat. (H)t,SS.'), May li, Swiss Pa(. 

June 16, 1927. See also RoenoTTK Fr. Pal. r)ll,r)S7, July 29, 

1022. 

^ Dolteu, H., Swiss Pat. 119,271, Mur. 1(), 1927; Nonv. Pul. 1 1,001), Mav 
9, 1927; Fr. Pat. 609,829, Au^. 26, 1926. 

SiEUHiN, S. E., Swed. Pat. 6-1,221, Juik' (t 1928. 

•‘Taylor, C. S., Tranti, Aw.. Elwlrochvw. .SW., 47, 801 811) (P)26), 
Arndt, K. and PL Probst, Z. Elrkirorhcni., 29, 828 (1928). 
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'OSS the terminals of the cell and mounted near it. When 
3 anode effect occurs, the lamp, which had been glowing 
nly, flashes up and gives a bright light, which attracts the 
ontion of the workman and shows him that it is time to 
ork” the cell. 

Careful examination of the ceil when the anode effect occurs, 
)ws that the electrolyte no longer ^ Vets” the anodes, as water 
ts glass, but there is a continuous gaseous envelope covering 
‘ whole of the surface of contact between each anode and the 
ctrolyte, and the current is passing through this envelope as a 
iltitudc of tiny sparks or arcs. The whole of the voltage 
rease is localized in this gaseous envelope, and the anode 
face and the gas are, therefore, highly heated. Chemical 
ilysis shows that during the anode effect the gas evolved is 
:e carbon monoxide, whereas at other times it contains from 
to 90 per cent carbon dioxide. Thus, since a given amount of 
^g(m lilxu'atod at the anode will produce twice as large a 
ume of carbon monoxide as of carbon dioxide, and since the 
lime of a gas is directly proportional to its absolute tempera- 
e, th (3 film of gas represents a very abnormal volume evolved 
i^ach anod(3. Likewise, it represents nearly double the normal 
bon consumption and five or ten times the normal heat evolu- 
Q and power consumption, so every effort is made to '‘kill the 
it” and reestablish normal conditions as rapidly as possible, 
l^he investigations of Arndt' and his co-workers show (juite 
irly (hat we have to do here with a critical anode current 
isity, which is a function of the alumina couccuitralion (and 
hably also of i(Mn])erature and electrolyb' composition). As 
alumina c-omumt rat ion is IowimhhI, I Ih' crit ical current (kmsity 
ikinvisc^ lowi'n'd. \\ luni it i*(‘a(‘h('S th(‘ acdual current density, 
gas film forms and the voltag(' risi's as above (h'seribed. 
)bai)ly as \\u\ alumina concxmtration dt'creasi^s, the anodes 
enthd incri'asc's, and, consixiiumtly, the energy liberated 
heat.) at th(^ a,nod (3 surface^ incn'ases. This probably inenarses 
).)roporti()n of carbon monoxide^ in tlu^ bc'cause of tlu^ 

r(‘as(‘d sjmmmI of naKh-ion bct w(‘(m carbon and carbon dioxide^ 
high(u' l,(‘mp(n’at-ur('s. TIk^ increasiMl volume of gas evolved 
reas(^s th(‘ ari'a of c-ontaif- iKhweim the anodes and the electro- 
3 and, conscxiuently, incr(3as(^s the electrical resistance at the 

Ahndt, K. and 11. Pkohst, Z. Elckirochrtn., 29, 323 (1923). 

Arndt, K., Z. Elrlxtrorliani., 33, ‘iSC) (1927). 
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surface of the anode, thus further increasing the evolution of heat 
and aggravating the condition until the bubbles coalesce into 
the thin film above described and the anode no longer makes 
contact at all with the electrolyte. When more alumina has 
been dissolved and the electrolyte cooled by breaking in the 
crust, the film fails at some point where the current density 
is lower than at other points, contact is again re-established with 
the electrolyte, and the film collapsc-s. The anode- effect has 
disappeared as suddenly as it appearc-d, and normal electrolysis 
has been resumed. 

Since each cell takes a large current at a low voltag(-, and it 
is not economical to generate (-k-ctricity at low voltages, a 
number of cells arc arranged in a ‘‘lira-'’ or ‘'s(-ri(-s,''‘ so that 
the current passes from each to the lu-xt one, and tlu-ir voltages 
are added together to make a suitable liiK- or g(-n(-raU)r voltage. 
This may be anything b(-tw(-en 200 and 000 voli-s, dc^pc-nding on 
the power conditions and the design of the i)lanl., so ih(-r(' may 
be from 30 to 100 cells in a line or s(n*i(-s. Tlu- lim- curn-nt, 
supplied by direct-current generators or rot,ary conv('rters, 
then passes through all of these- cells in senfi's, and anything 
(such as an anode effect) which affects oiu- c(*ll change's slightly 
the electrical conditions in all the- oihe-r e-e-lls and tlu- load e)n the 
line. Naturally, the e-ffect of such a change- in a e-('ll is k'ss, 
the larger the numlx-r of cudls in a line. Uiukr normal working 
conditions, the voltage pe'r (u-ll, inclueling the' voltage- lost in 
the busbars and cahle-s coniu'cting it, into (he- e-ire-ui(, may va,ry 
between 5 and 7 volts, d('[)(‘nding on the- de-sign e)f the' cire-iiit 
and the ce-ll, age e)f tlu- e.-e'll, state' e)!' llu' ('le-(-tre)lyte', a.ne)d('-(-a,the)d(- 
distance, and otlier facte)rs. Tlu- ])e)W(‘r re'eluire'd jie'r ])e)iinel e)f 
aluminum produced alse) varic's, de*pe-nding e)n lJu- ra,e-te)rs a,l)e)V(- 
mentioned and on tlu- care- with whic,h (lu' e-e'll is e)pe'raXe'eL 
Perhaps 10 to 12 kile)watt he)urs pe'r })e)iinel may be' e-e)nsiel('r('el 
normal practice, altlu)ugh seune- plants will e'xeu'e'd this figure', 
and some may be able- t e) ope'rate- at se)nu‘wha,t h'ss t ha,n 10 
kilowatt hours per pe)und. The- ce)nsmnptie)n e)!’ (-a,rbe)n a.ne)el('s 
varies a great de-al, d(-])(-neling e-n tlu- epiality, size', a,ml shape- 
of the- anodes and the- skill witT whie-h t-lu' e-e'lls a,re' e)pe'rate'd. 
Perhaps 0.6 to 0.8 peuind of anode's i)e'r peuinel e)f aluminum might 
be considered satisfactory for an ellicie-nt, i)la,nt., although at 

1 Hunt, A, E., U. S. Pat. 5S2,023, May 18, 1897. 







Fk;. 00.-—KliH-trolytif." cells; coll in stall 2 is beginning to show the anode effect as indicated by glowing electric light seen on 
]>()st just under Fig. 2; molten electrolyte shows on edge of cell 3. 
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times some plants will run up to 1 pound of anode per pound 
of aluminum. 

When a sufficient amount of metal has accumulated in the 
bottom of the cell, it must bo nmiovcnl, eitluu’ by tapping' or 
ladling. This may be done every day, (wery s(KU)ud day, or ev(U'y 
third day, depending on the design of the C(4I, the ideas of the 
management, and local conditions. When the metal is to I)e 
tapped out, the tap-hole is opened by driving into it a sliarp st(H3l 
tapping pin, and when enough metal has benm rcunovcul, it is 
closed by driving in a wooden plug. From i.h(^ tapiring ladk^, 
the metal is transferred into a largcu’ pouring la<lle. The nuital 
from several cells is accumulated in this jxmring ladh^, tlnm 
skimmed with a perforattKl skimmer and poui-cul into molds 
having a capacity of about 50 pounds (^acJi. Wlnm the metal is 
to be ladled out, an anode is removed and a Jieavy (uis(,-iron 
cylinder is set into the c(41 in its i)lace. As tlu^ moltcm el(u‘4roIyte 
is now ladled out of the cylindcu’, t-he m(4-al rises to take its 
place, and when it appears it is ladhul off into molds. In giuuu’al, 
each cast must be analyz(‘d and graded, so that (iast-s may ho 
chosen and mixed in the reiiudting furnace to prodmu^ i-lu' grade 
desired by the customer. Another common j)ra(d.ic(‘ is to f)our 
the molten aluminum from the tapping or ])ourin|>: ladles into 
a ‘‘holding furnace.In tliis way the metal from many cells 
is blended and finished ingots may b(^ cast, from this imdal. 
Practically all comiiiercial aluminum is r(‘m(4t(Ml or li(‘fi(.(Ml in 
holding furnaces to insun^ uniformiiy of composiiions juid tlu^ 
removal of non-nu^iallic impuritic^s. 

The elecirolytic cc^ll can b(^ siari-(Ml by i)()uring a, suitable 
amount of mollcm (^U^ctrolyti' into it, adjusting (ii(‘ anod(‘S, a-nd 
passing curnmt. Usually, how(‘V(*i‘, moltxm {‘l('(^t,r()lyi,(y in 
sufficient (luaiitity is not available and tla^ (‘ka^tr()lyt(‘ tniist Ih^ 
fused in places To do this, Iho anod(‘S iiro groumkal on (la^ 
carbon bottom of tlu^ C(41, and soim^ solid (‘k'ctrolyti' shovc'lkal 
in around them. When curnmt is pass(‘d, s'ufli(a(mt h(‘a4 
develops at the point- of cont-ach- of atuxk' with (‘.at.luxk' to gradu¬ 
ally fuse th(‘ surrounding (‘l('ct-rolyt-(\ Wlum a, molt,(m hiycn* of 
sufficient depth has Ixurn formed, th(^ anod(‘S a-r(‘ ra.is(‘(l, (‘k'c- 
trolysis commenced, and more eka-itrolyb^ a-dkxl untfl tin* (xhl 
is filled to tlu^ proper heiglit. 

1 Dickioy, a., U. S. Pal.. 602,575, Apr. 19, 1S9S. 

Hall, C. M., U. S. Pat. 796,325, Aug. 1, 1905. 

iSee also Norw. Pat. 39,159, June 23, 1924. 
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When a coll is to bo roiuovcd from service, the electrolyte 
can be tapped out or, as is more usual, the anodes removed and 
the cell contents allowed to solidify. It is highly important 
that the power supply be continuous, for if it is discontinued for 
many hours, the cell contents will solidify. If power fails, it is 
sometimes possible to ground the anodes on the bottom of each 
cell and, later, after the coll contents are frozen, to cautiously 
increase the current through the cells until the contents are 
molten again. The process is hazardous, however, because 
the starting current is irregularly distributed and results in the 
burning off of anode supports and the expulsion of molten 
electrolyte from time to time. After a cell is frozen, the contents 
can be dug out, part of the electrolyte salvaged, and the cell 
rclined for use. 

Efficiency of Process. 

Many factors affect the efficiency of the reduction process, 
such as the design of the cell, the operating conditions of current 
and voltage, and the skill or lack of skill of the workmen caring 
for the cell. According to Faraday’s law, a current of 1,000 
amperes, operating at 100 per cent efficiency, will produce about 
% (0.74) pound of aluminum per hour. In practice the current 
efficiency varies but is usually between 75 and 90 per cent. 
The current efficiency is reduced by short circuits, and by 
reoxidation of reduced metal. Short circuits result from 
improper adjustment of the carbon anodes which permit contact 
with the molten aluminum in the bottom of the cell, as well 
as by current leakage through th(^ crust. Adjustment of tlu^ 
electrodes, and hence curremt efficiency, may b(^ din^ctly affected 
by labor conditions. Fl(‘ctrod(‘s also may be temporarily 
shorted on the carbon bottom during the working of the c(41, 
or current may pass through carbon dust in the frozen crust. 
The production of aluminum is decreased by reoxidatioii of Uu' 
metal after its reduction; this loss of metal decreas(‘s tlu' eiirnmt 
[efficiency of the process. Th<^ formation of m(‘tal fog or mist 
is a common phenomenon of eh'ctrolytic proc(‘ss(‘s. AhUallic 
aluminum in the form of extriemely small partich's becom(\s 
mspended in the molten electrolytes this highly dispersed 
aluminum is known as ‘'metal mist.” Because of the circulation 
□f the electrolyte as a result of the teU'ctromagnetic forceps acting 
on it, the metal mist is being continually brought into contact 
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with the carbon anodes, where it may be nujxidized to alnmina. 
The formation of metal mist increases rapidly with increase of 
temperature above the normal operating range. Iienc(‘ tlu' 
current efficiency tends to decrease with incn^ase of electrolyte' 
temperature. The loss of aluminum by r(H)xidation can be^ 
decreased by increasing the distance from the bott-om of the 
anode to the surface of the molten aluminum. This also increases 
the power consumption, so that the two factors must he^ nicely 
balanced in an efficient process. 

The exact power efficiency of tlu^ process is nof known Ixmauso 
the voltage required for the el('ctroch('mical (h'composiiion of 
the alumina is known only approximah'Iy. ('alculations by the 
methods of thermodynamics indicate valiu's from 0.9 to 2.0 
volts for the decomposition voltage, depcuiding on the assump¬ 
tions made as to the fundamental conditions involved. 
Experimentally, the decomposition voItag(^ of alumina dissolved 
in cryolite is very difficult to d('t(U’min('. k]stimat^(‘s of (tie 
decomposition voltage, howevc'r, made by plotIJng (Ik^ curn'iit- 
voltage relation over a wide range of curn'iits in(lical-('d pol-('n(,ials 
of about 1.7 volts. The operating voltages is l)('tw('('n f) and 7 
volts; this is several times the decomposition voKiage and incliuk's 
the voltage drop in the molten elect-rolyte a,ml aluminum, tiio 
carbon anode and cathode and connecthig im'inlx'rs, as w('ll as 
at all contact surfaces. 

Obviously, power, in addition t-o that n'ciuin'd for tJu* ('h'ci^ro- 
chemical decomposition of lh(^ alumina, is m'cu'ssary to nmint.ain 
the electrolyte molten and in mobih^ condition. TIu' n('(M\ssary 
heat is generated by the passage' of curn'iit, through the' a,nod(‘s, 
electrolyte, aluminum, and cathode'. Ihule'r ste‘a,ely ojx'rating 
conditions, all the pe)wer above', that- ne'(;(\ssa-ry to (le‘e.om|)os(' 
the alumina must Ix^ dissipat-e'el as he*at-. The' loss from siele's 
and bottom of the cell can b(' ele'c.re^asexl by siiil-a-ble* insulation 
as indicated in Tig. 56. This woulel appe*ar le) be' adva-nt-a-ge'ous 
in reducing the powe'r rexiuire'me'ut-s. ne)we've‘r, in e)rele‘r to 
reduce the power input, it is ne'ce'ssary te) re'duex' e'ijhe'r the' 
current or the voltages drop in the^ ce'll. If the' euii*i*e'nt is re'dueu'd, 
the production of aluminum is ce>rre'spe)ndingly eliminishe'el. 
If the anode-cathodes distance is ele'cre^ase'el by se'tt ing the' a-node's 
lower, the voltage drop in the ele'ctre)lyt-(' is le)W('re‘(l anel t he' he'at 
generated in the electrolytes is also iowe'i’e'el. Wit-li a lowe'r 
temperature at the surface of the' aluminum, the' teuiele'ncy lor 




Fig. 61.— Electrolytic cell room. 
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aluminum to form a motal mist is IcssoikhI, but with tlu^ (l(H;r(ias(Ml 
aiiode-cathode distance the loss by rooxidatioii is incrcuised. 
Also, with lower cell temperatures, the loss of carbon from the 
anodes by oxidation in the air is diminished, whicli is a (U^sirable 
result. Consequently, in the design and operation of a cell, 
a nice balance must be struck between current, voltage, anode 
area, anode-cathode distance, thermal insulation, (d;c., in ord(U‘ 
to produce aluminum at the lowest cost pov pound. This is 
the result aimed at, rather than to secure th(‘- gi*(vit(sst, (dcmtrical 
or thermal efficiency. 

Other Electrolytic Processes. 

Although the only process in use for tlu^ production of ])ure 
aluminum is based on the el(',ctrolysis of alutnina dissolviul in 
cryolite, other electrolytes have b(um tikul or sugg(\st(Ml. The 
electrolysis of the double chloride', of aluminum and sexlium 
(NaCl.AlCb) was first tried by Buns(m and Saini.(^-( Uain^ 
Deville; on a commercial scale it failed, in part ))(^caus(^ of the 
volatility and instability of the electrolyb^ It also had to be 
operated below the melting point of aluminum. Th('. (^l<‘ctrolysis 
of cryolite was attempted and was found impra,c(.ical, if for no 
other reason than that the anode effect was almost cont.inuous; 
this necessitated a high potential for el(K‘.ti-oiysis. Mixt.un's of 
sodium-aluminum chloride with cryolib^, and also of aluminum 
fluoride and sodium chloride were tried and found wa,nting. 
Proposals have even been made to electrolyze aluminuni (*.hlorid(^ 
in a closed cell. 

A comparison of th('. heats of forma,tion of aJuminum oxid(^ 
and aluminum sulfide shows that of aluminum sulfides to 
substantially lower and indicates that its d(‘c,omi)osition voltagi^ 
would be lower than that of the oxide. If this is so, l(‘ss i)ow{‘r 
would be required to producer aluminum from th(‘ sullid(‘ than 
from the oxide, other conditions Ix'iiig (xjual. ('('rta.in dis¬ 
advantages are at once appanmt, as for (^\am})l('., Ihv fa(d. (hal. 
aluminum sulfide reacts witli moist, air to form t,h(‘ v(‘ry poisonous 
gas, hydrogen sulfidcx No prae.t,i(^ai pnxx'ss with th(‘ sultid(‘ 
has b('('n developed. 

Biiclu'rer^ proposed to dissolve' sodium aliiminmn sulfides 
(NaeAloS(j) in an electrolyte of alkali or alkidiix^ ('arth fluoride's 

1 Buchereh, a., Ger. Pa(,. 03,095, July 27, I.S02. 
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3 r chlorides and electrolyze. The next suggestion^ was to use 
aluminum sulfide instead of sodium aluminum sulfide. Black- 
more^ proposed to use a molten electrolyte of sodium and 
potassium sulfide with alkali thiocarbonates, while Gin^ suggested 
in electrolyte composed of aluminum fluoride and sodium 
rnlfide. Keogh'^ starts with fused sodium chloride to which 
.s added anhydrous aluminum sulfate and carbon. The hope 
s that the sulfate will be reduced to sulfide by the carbon and 
3 hat aluminum sulfide will bo formed which can then be reduced 
jO metallic aluminum by electrolysis of the mixture. Kissock® 
'thinks that alumina should be converted to aluminum carbide 
n the electric furnace and then heated with sulfur or a sulfide to 
convert it to aluminum sulfide. This compound is then “dis¬ 
solved and electrolyzed in a molten bath of alkaline earth 
?;hlorid(^s or fluorides.’’ These sulfide processes are of passing 
Historical interest only and represent hopes rather than 
probabilities. 

ELECTRICAL EQUIPMENT FOR REDUCTION PLANTS 

As has been stated, the reduction of aluminum from its 
:)xide requires direct currents of large volume, but the individual 
dectrolytic cells each consume only 5 to 7 volts. Consequently, 
for economical operation, it is necessary to arrange a number of 
these cells in series. Practice in this respect varies somewhat, 
[)ut in general the generator voltage will lie between 200 and 600 
v^olts, and each lino of cells will take from 8,000 to as much as 
^(),()0() amperes. 

In soni(^ works each line of cells is supplied with power from 
i (lirect-current gen(u*ator which is directly driven by a wab'r 
whe(^l or ol htu* prime mov('r, while in other cases such gemerators 
may bc^ connc'ctcal in parallel on a bus system Irom which the 
lines of cells are operated. Such an arrangement is, of cours(\ 
:)nly feasible where the electrolytic plant is locatc^d at the waf er 
power or steam plant. In general, most water pow(U’s are not. 
convenicmtly located with reference to a suitable site for.con- 
d.ruction of a reduction plant, together with the necessary carbon 

^ Aluminittm Industrie, A.-G., Gor. Pat. 6S,909, May 1, 1893. 

~ Blacdcmore, H. S., U. S. Pal. 605,380, Juno 7, 1898. 

'•’Gin, G., U. S. Pal.. 763,179, Juno 28, 1904; Gor. Pat. 148,627, Jan. 29, 
1904; S\v(d. Pat. 16,675, Nov. 21, 1903; Norw. Pal. 12,397, Nov. 23, 1903. 

Kvahiu, L. R., U. S. Pat. 996,094, Juno 27, 1911. 

Kissocnc, A., U. 8. Pat. 1,052,727, Fol^. 11, 1913. 
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plant, townsite, etc. Frequently, also, the reduction plant 
uses only a part of the power generated by the hydro-electric 
plant. Consequently, the more common arrangement, at least 
in the larger plants, is to generate alternating current at a suitable 
voltage in the hydro-electric plant, transform it to a higher 
voltage if necessary for transmission to any considcu’able distance, 
and transmit it to th('. reduction plant, wluu-ci it passes through 
transformers that reduce the voltage to the pro})er point for the 



()2.' -Ilotary rorivt'rfor Hiaiioii for Hiipplyiufj; din'd currc'iil lo crlls. 

rotary coiivortors. Th(‘S(^ iiiacliiiu'.s rotal.c' in syixilironisin wilJi 
the generators in the hydro-eleetrie plaiil, and eoiunMd. th(' 
alternating current into dinud. curnuit. d'lu! lines of cells niay 
bo so arranged that each rotary eonv(ui(n' or grou|) of rotary 
converters feeds one line! of cells, or a number of rolary e,on- 
verters may bo operated in paralh-l oii a bus syslem and tlu! 
lines of cells likewise oi)erated in paralhd from l.iu' bus system. 
The latter arrangement is eonsidcu-ably mon' llexibh' from an 
operating standpoint, .since it permits tlm slintlftig down of any 
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machine at any time lor inspection and repairs, without inter¬ 
fering with the operation of the reduction plant. 

THE REFINING OF ALUMINUM 

The Hall process, in ordinary operation, seldom produces 
metal having a purity higher than about 99.7 per cent. The 
impurities come mainly from the electrolyte, the alumina, and 
the carbon anodes. By special attention to the operation of the 
cells and by careful addition of only the purest materials, it 
has been possible to produce aluminum having a slightly higher 
pui'ity than 99.7. liowcver, a practical method of taking impure 
aluminum and eliminating the impurities by a refining process 
in order to produce aluminum of high purity has many interesting 
possibilities. A proposal to refine aluminum electrolytically, 
using a fused salt electrolyte, was first made by William Hoopes 
about 1900, and his proposal was tried out in modified form and 
on a small scale by Charles M. Hall, using the arrangement 
shown in Hoopes’ U. S. patent 673,364, of April 30th, 1901A 
Mr. Hoopes’ original proposition, however, as made to Mr. Hail, 
was to use a refining cell with three liquid layers, in which a 
molten aluininum cathode would float on an electrolyte heavier 
than moltcm aluminum instead of on cryolite, which is lighter 
tlian aluminum; the anode alloy would be still heavier than 
the electrolyte and would lie on the bottom of the coll. Such 
an arra'ng('ment was later proposed independently by Betts.- 

Tlu^ ck^ctrolyte pr(4erred by Betts was cryolite saturated 
with alumina, or a mixtures of cryolite and barium chlorides; 
the anode might b(^ aluminum alloyed with iron, copper, zinc, 
or other heavy m(4-als, and might he either liquid or solid, 
Unfortunat(4y, expenimont shows that the addition of alumina 
to cryolite nnlucc^s its specific gravity in the molkm state, 
instead of incrc^asing it, so molten aluminum would not float 
on such an eh^ctrolyte. Also, barium chloride has been prov(Ml 
t.o be poorly adapted as an addition agent for many reasons, 
('specially because the presence of a chloride causes large loss by 
volatilization, and also weakens the selective activity of the 

' Also, Hr. Pat. S,ir)3, May 25, 1001; 0 (m-. Pat. 133,000, Sept. 20, lt)02. 

•' Hictts, a. (}., P. S. Pat. 705,SSt), Aug. 1, 1005; Hr. Pat. 7,277 (100()); 
G(‘r. Pat.. 1S(),1S2, .Iuik' 12, 1007; Norw. Pat. 10,723, Aug. 20, 1007; Fr. 
Pat . 301,521, Aug. 23, 1000. 
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electrolyte, so that too much iron and silicon are dissolved from 
the anode and carried over to the cathode. 

A more recent patent to Tucker^ revives the proposal of 
using a cryolite electrolyte leaving both anode and cathode 
layers on the bottom of the cell, separated and insulated by a 
wall of frozen bath. The irregular current distribution and 
the concentration of power (and heat) on the surface of t.lu'. 
dividing wall would probably make it impossible to keep such a 
ceil in practical operation for any length of time. The voltage 
requirement also would be much larger than for a cc^ll of the 
three-liquid-layer type, where anode and cathodes surfaces are 
parallel and may be only a few inches apart ov(‘r th(^ whole area. 

It has also been proposed to operate an ek^ctrolytic refining 
process with solid anode and cathode, using f,he low-melting 
(but volatile!) double chloride of sodium and aluminum as the 
electrolyte and an aluminum-iron-silicon aiiod(\‘^ 

A method of purifying aluminum has be(m patented’^ which 
depends upon the partial melting of the aluminum. The 
impurities, iron in particular, are said to concentrate in tlu^ 
mother liquor as low-melting eutectics and may be s(q:>arated 
from the aluminum by pressing the liquid from the solid metal. 

Hoopes Refining Process, 

About 1919, Wm. Hoopes, with the cooperation of the nvsearch 
staff of Aluminum Company of America, developed a conimerciiil 
cell and process for the electrolytic refining of aluminum, using 
the three-liquid-laycr cell whicli he had originally i)n)p<)s(ul.'’ 
In Fig. 63 is shown a cross-section of tln^ n(‘w IIoopc's C(‘1I for 
electrolytic refining of aluminum,^’ The ccdl itself is divided 

' Tucker, R. A., U. S. l\it. July 12, 1021. 

- Aluminium Industrie, A.-Cl., U. S. Pal. l,700,7r)0, Apr. lO, 1020; Ar/riui- 
tine Pat. 27,552, Aufr. 1, 1027; Fr. Pats. ()35,511, Mar. 17, 102.S; ()3S,-1()5, 
May 25, 102S; ()-12,550, Aufr. 30, 102S; ()-12,0{).I, Supi. 1, 102.S; Swiss Pat. 
12S,513, Nov. 1, 1028; Br. Pats. 205,170; 305,158, Apr. -1, 1020; Sp. Pal. 
100,020, Do(l 31, 1020. 

^ PHYSIKAMSClI-TKCIlNlSCriE PEICHSANSTAI/r, (lor. Pat. 32(),l()0, Sf'pl, 
23, 1020. 

** Frary, F. C., “Eloc.trolytici JUJining of Aluinininn,'’ Wu/ls*. Atn. Elcr- 
troclicm. Soc., 47, 1 (1025). 

f>rT()oi>Es, Wm., U. R. Pat. 1,531,320, Apr. 21, 1025; (’an. Pat. 250,122, 
Dec. S, 1025; Br. Pat. 208,710, Fch. 2(), 1025; Aii.stral. Pal. 15,700/23, 
.July 3, 102-1; Braj^. Pat. 15,-107, May 1, 1021); (V.i'cho-Slov. Pat. 25,•113, 
Apr. 0, 1028; Hung. Pat. 87,000, Oct. 0, 102-1; Hal. Pal. 220,712, F(‘l). 8, 
1024; Jap. Pat. 61,343, Oct. 0, 1024; Jugo-Slav. Pat. 3,201, Dcil 1, 1025; 
Mex. Pat. 23,346, Doil 28, 1023. 






TJJ]<] PRODUCTION OF ALUMINUM 


323 


iiii-o iwo <^l(' 0 (-ri(uilly innulal-od scu'.iions, arranged with water 
cooling at the joints to aid in maintaining the electrical insulation 
between the sections. This is quite essential in order to prevent 
partial short circuits between the anode and cathode through 
the hot lining. The lower half of the cell contains a carbon 
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Coo/Jng^ 

jackets 


m 


Frozen crus/ 
of e/eefro/gfe 
and alumina 



F/ectr/c 
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Fig. 63,—Diagram of electrolytic refining cell. 


bottom lining, on which rests the molten anode alloy. Super¬ 
imposed upon this is the molhm electrolyte, and upon this 
floats tlu^ molten cathode^. 

The electrolyte is composc'd of a mixture of cryolite, aluminum 
fluoride, and barium fiuorid(‘, nearly saturated with alumina,' 

^ Hoopios, Wm., F. 0. Fkary, J. D. Edwards, U. S. Pat. 1,534,3IS, Apr. 
21, 1925; Cim. Pat. 250,125, Dee. S, 1925; Hr. Pat. 20S,713, i\lar. 13, 1925; 
Fr. Pat. 575,405, Apr. 23, 192-1; Norw. Pat. -13,43<), Nov. 22, 1920; Ausli'til. 
Pat. 15,707/23, May 19, 192^1; Aust. Pat. 100,095, Juno 25, P)27; li(4g. 
Pat. 314,-127, D(‘(^ 31, 1923; Braz. Pat. 14,730, Jan., 1925; Hr. Guiana 1S3, 
Apr. 10, 1924; CJiil. Pat.. 5,-IS3, .lun(‘ 25, 1925; ('z(‘(4i()-Slov. 19,-137, Juiu' 
23, 1920; Holland Pat. 18,5S<S; Swiss Pat. 109,527, Apr. I, 1925; V(‘n(‘ZU(4n, 
Pat. 6S9, Jan. 21, 1924; Hung. Pat. 8S,5J4, May IS, 1925; India Pat. 9,922, 
D(‘e. 20, 1923; Hal. Pat. 226,714, F(4 j. S, 1924; Jap. Pat. 61,345, Oet. 0, 
1924; Jugo-Slav. Pat. 3,293, De(u 1, 1925; Mox. Pat. 23,349, Doe. 2S, 1923; 
Portug. Pat. 13,516, Doc. 11, 1924; Pouin. Pat. S,910, Dec. IS, 1923; S. 
Afr. Pat. 1,228/23, Dec. 20, 1923; Span. Pat. 87,753, Mar. 12, 1924. 
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A suiiabl(‘ (‘l(u4.roIyt(‘ umy liavt' (Ih' following' ii.pproxinuiti^ 
composition: 


Barium fluorides. 

Sodium iiuorido. 

Aluminum fluurido. 

Alumina. 

Calcium and inagno.sium fluorides (pri^sc 
as unavoidable im]niritios). 


Ill 


dO to dS i)(*r (nmt 
2.5 (o .do |)(‘i’ (umi 
dO (o ,dS |)(*r c(*iil, 
0..5 to 7 i)('r (‘(uit 

aboiii, 2 jxo’ {Hint 


The density of aluminum (99.75 per eent purity) a(, 1()()()°(;, is 
2.29 grams per cubic centimeter. At this (.(unpenitun^, moli.en 
cryolite ha.s a density of only 2.10 grams pei' <!ul)i(! c.mtiiiu'Uu', 
and in order to increase its density so that molten aluminum 
will float on it at that temperature it is uece.ssary to add about 
20 parts of barium fluoride to each 80 parts of cryolit(\ Mix¬ 
tures of cryolite containing betwexm 20 and 00 pei' cemt of liarium 
fluoride are satisfactory and have deiisil.uw ranging bel.w(H'n 
2.38 and 3.15 grams per cubic centimeter at 100()°( f Si.ronl.ium 
fluoride can replace the barium fluoride to a ccu-tain (^xl,(nit, but 
calcium fluoride is much less effective in incnsising tlu^ dmisity 
and in other respects. An electrolyte containing aluminum 
fluoride in excess of that required to form cryolite! with tli(> sodium 
fluoride present is to be preferred, since! it minimize's Mu' pre)- 
duction of sodium at the cathexle. The elemsily e)f tlie'.se ine)ltem 
electrolytes decrciases more rapidly with rising (.eimpeiraJ.ure' than 
does the density of the molten aluminum cathe)ele. It is ele-sir- 
able, therefore, iiO inaintaiu sufricie!iit margin be*(,we!e'n the! i.we) 
densities, so tliat ii tlu! ceill beice_)nK!s e)ve!rlie!al.e!ei the! e*le’e!tre>Iyie‘ 
will not become se) light as to permit tlu! teip laye!r lo sink tiire)ugh 
the electrolyte. The ekmsity of ele!cl.re)lyte! eef tlie! approxiimite! 
composition given aliove is abejut 2.5 to 2.7 gra,ms pen- e!ubie! 
centimeter at 95()°f:., and 2.4 to 2.6 at 11()()°( i. |>mr aJuminum 
has a deasity of about 2.30 at 95()°(]. anel 2.26 at IIOO'X:., see 
that it will reaelily fle)at on the e!le!ctroIyte! at tlu'se' teMnj)e‘ra.tm'e's. 

By virtue of the cooling effe!ct of the! side' walls eef the' ese'll, 
there is built up on these! walls by a preKee-ss eef se'le-eitive' eerysl.aJli- 
xation, a thick crast very rich in alumina, whie-.h is veay reefraeiteery 
and not easily dissolved away by the e!lectre)lyte! if fe)r a,ny i-eiase)!! 
the temperature of the coll rises above normal.' fl’his crust 

' Hoope.s, W., B. T. IIor.sfield, ,T. D. Edwards, II. S. Pai,. I .'I.'J l :I22 

fn*or b)2,5; Hr. I>at. 208,712, Mar. I2’ 

102,>; Gor. Pat. 46S,33(i, Ov.l. 1, 1028; Fr. Pat, .07,''.,••10(1, Apr. 23, 102.1; 










THE PRODUCTION OP ALUMINUM 


325 


Horvos oloctrically and thonnally to insulate the molten electro¬ 
lyte from the shell; it also minimizes the leakage of current 
from anode to cathode through the walls. It is very important 
in starting up such a cell, to make sure that the upper half is 
maintained in an electrically neutral condition, in order to 
prevent the formation of a side crust partially contaminated with 
metal. Such a crust seems to conduct enough current to cause 
electrolysis to take place in it, and its content of metal gradually 
increases until its conductivity becomes prohibitively high. 

Graphite electrodes dipping into the floating aluminum layer 
arc used in ord(U’ to make the electrical connection to the molten 
cathode.^ These are carried on heavy copper rods, as shown 
in the figure. By maintaining the proper conditions, a crust 
of frozen bath rich in alumina can be caused to form over the 
upper surface of the metal and around the electrodes and act 
as a protective cover. Care must be taken to maintain an 
adequate metal thickness in the cathode layer; otherwise, the 
heavy curnmts and powerlul magnetic fields set up a swirling 
motion so viokmt that anode and cathode layers can come in 
contact in spots. This, of course, results in their union and the 
loss of the refined metal. 

There s(Huns to be only one practical anode for such a cell. 
This is a coppcu-aluminum alloy, low in iron and titanium 
(which raises its freezing point) and preferably containing enough 
silicon to lower its freezing point considera])ly, so that it will 
remain ad(H|uately mobile even when the aluminum content has 
been larg('ly reduced.- Of course, the composition, and hence 

Norw. Pill. 13,441, Nov. 22, 1020; S. Afr. Pal. 1,231/23, Apr. 10, 1924; 
Span. Pal. 87,702, Mar. 12, 1024; Swod. Pal. 04,900, D(M‘,. 20, 1023; Swiss 
Pal. 100,528, Apr. 1, 1025; Vnn(‘z. Pal. 0‘)0, Jan. 21, 1924. 

iPiiAUY, P. (/, U. S. Pal. 1,535,458, Apr. 28, 1925; (-an. Pal. 250,120, 
1)(M^ 8, P)25; Hr. Pal. 224,488, Jan. 22, 1025. 

“ Hoopios, \\'., F. i \ FuAiiY, J. D. Edwards, U. S. Pat. 1,534,317, Apr. 
21, 1025; Can. Pal. 250,127, Doc. 8, 1025; Hr. Pal. 208,715, Apr. 20, 
1925; Auslral. Pal. 15,700/23, klay 10, 1024; Hraz. Pat. 15,129, Ocl. 3, 1025; 
Czoclio-Slov. Pal. 21,158, Jan. 12, 1027; Huns. I'^l. 88,742, Juno 10, 1025; 
Hal. Pal. 22(>,G03, F(4). 15, 1024; Jap. Pal. 01,347, Oct. 0, 1024; Jugo-Slav. 
Pal. 3,202, Doc. 1, 1025; M(^v. Pal. 23,345, Doc. 28, 1023; Fr, Pat. 575,403, 
Apr. 23, 1024; Norw. Pat. 43,440, Nov. 22, 1020; Au.st. Pat. 100,6<)4, Apr. 
25, 1027; Holg. Pat. 314,420, Dec. 31, 1923; Hr. Guiana Pat. 182, Apr. 10, 
1924; (Jhil. Pat. 5,482, Juno 25, 1025; Holland Pal. 18,580; India Pal. 9,924/23 
Juno 4, 1025; Poring. Pat. 13,514, Doc. 11, 1024; Itoum. Pat. 8,915, Dc(^ 
18, H)23; S. Afr. Pat. 1,230/23, Apr. 10, 1924; Span. Pat, 87,751, Mar. 12. 
1024. 
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the density, of the anodes a-lloy ehanges continuously {is tlu^ 
refining process proceeds. An alloy of aluiuinum {ind coppeu* 
with only about 25 per cent copper has a density of about 2.8 at 
950°C., which is sufficiently high to insure tlnit the alloy will not 
float but will remain beneath the electrolyte; tlu^ density increases 
as the copper content is increased by the removal of the 
aluminum. 

It has recently been proposed to use an anode alloy of alu¬ 
minum with gold, silver, or platinum as tlu^ luuivy alloying 
metal.’ The advantage claimed is that a low(U’ conccmt.nitJon 
of gold or platinum, for example, is recpiinMl to giv(^ the {inode 
alloy the density necessary to kc^ep it at tlu^ botl-om of t.lui cell 
and, hence, there is less chance of C()n(.{imin{iting tluj pure 
aluminum cathode; the disadvantages are obvious! 

The proper working temperature of the Moop(‘s ccdl is limited 
by the properties of the fused electrolyte, and Ik^s b(d/W(H‘n {ibout 
900 and 1100°G, In the nature of things, tlu^ amxh^ {illoy tends 
to be cooler than the electrolyte. If any appr(vd{il)I(^ {imount 
of it freezes, copper and other impurities will Ik^ dissolv(‘d from 
the frozen portions by the current, and the refiiK'd mein,! will b(^ 
contaminated. It is quite essential, th(U’(dor(',, i.o m{iinl,{iin tlu^ 
mobility of the anode alloy. 

The cell is easily started by pouring into i(. {i hiyvv of molten 
electrolyte several inches thick, lowcu-ing Iho gniphi(,(' (‘.onmxd-ors 
to dip into the electrolyte kiyer, and turning on full-lo.'ul eurnmt. 
A layer of molteji anode alloy is tlum slowly pounxl in, l>aking 
care that the joint bctwe(m th(i upp(‘r {ind low(‘r h;ilv(‘s of tlu' 
cell is covered only by the (d(ud,roIyin. A l{iy(‘r of nioHnn 
aluminum carefully poured onto th(‘, surbux' of tin* (‘hxd r()Iyt(‘, 
followed by a final adjustment of th(‘ gnii)hij(‘ e,oim(M*.tors, 
completes the operation, and if tlu^ elcxH roly t(^ is of [)roi)('r 
composition the aluiniiui-rich sid(^ e.rust {ind top (n*us(. will soon 
begin to form, and in a few hours liie e(‘ll is in nornmJ opiundion. 

In order to keep the c('ll ()p(u*a(ing (u)rdinuously, tln^ {iluminum 
produced at the cathode must Ix^ t<ipj)(Ml off, {ind {i (‘-()rr(‘sponding 
amount of impure aluminum or alumimim-eoppc'r {illoy {uhh'd 
to the anode from time to time. If th(‘ e.(dl is Ixdng uscul to 
refine impure aluminum, this opcu’ation nuiy Ix^ e{irri(^d out 

^ Deut. VEiiSUcn. F. Luftfaiirt, Hr. Pat. 27(),!)l I, Sept. S, 1027; Kr. Pat. 
039,173, Juno 15, 1928; Gor. Pat. J51,aU), Jan. 13, 11)28; Swiss I>al. 128,017, 
Oct. 1, 1928; Norw. Pat. 45,418, July 30, 1928. 
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simply in two sleeps. Th(‘. luuiosHJiry ainoiini of iJu', inoK-on 
impure aluininiiin is poured inio a suii-ablo crucible, which is 
placed in a hole in the floor in front of the anode-alloy tap hole. 
The current is then cut off, the tap hole opened, and a few 
hundred pounds of the impoverished anode alloy tapped into the 
crucible of molten aluminum, so as to produce an alloy heavier 
than the molten (dectrolyte. This alloy is then poured back 
into the cell through a suitable carbon-lined funnel, extending 
into the anode-alloy layer. As the level of the molten mass 
in the cell rises, the tapping trough^ in the top section is opened, 
and the pure cathode metal is allowed to flow out into another 
crucibl(^ the amount obtained being, of course, approximately 
the same as that of the new aluminum added. 

The cells operate with excellent current efficiency, on from 
about 5 to 7 volts and about 20,000 amperes, and require little 
attention except at tapping time. A certain amount of sodium 
is produced at the cathode, and together with some of the 
aluminum, is gradually oxidized. This results in a gradual 
thickeming of the side crust, and from time to time the excess of 
alumina is removed by digging out some of this side crust and 
adding fresh (dectrolyte. The cells have been operated continu¬ 
ously for long periods under works conditions, and it has been 
shown to b(^ entindy practical thus to produce any desired amount 
of metal with an average purity of over 99.80 per cent. In 
fact, much of the metal will be 99.90 per cent pure, and some 
nud'.al as pure as 99.99 per cemt has be(m produccnl. 

ELECTROTHERMAL PRODUCTION OF ALUMINUM AND 
ALUMINUM ALLOYS 

The practical difflculties in th(‘ way of producing aluminum 
by (‘l(^ctroth(‘nnal n'duction of alumina with carbon hav(‘ aln^ady 
been touclu'd upon bihdly. Not only is th(‘ re(iuired temperat uiv 
v(n*y high, but it is also very near i-he boiling point ot aluminum. 
As a r(\sult, the aluminum is (|uit(‘ volatih' and difficult' to r(‘t.ain 
in the furnace. Also, because ol the high tmnp(M*atiir(‘, tlu' 
volume of gas produc('d is very large" (at 2000 ( . it' would lx* 
about 170 cubic f("et per pound of aluminum) and this fact 
further complicates the problem of recovc'ring tlu" aluminum. 

In order to estimate the temperature at. which carbon will 
reduce alumina some interesting calculations with regard to the 

> IToorss, \Vm., r. S. Pal. 1,562,0C0, Nov. 17, 1025. 
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(Hiuilihriuiti I’ciliitioihships IkU-wcumi iilmiiiiiii, (tarhoii jiiul (iju'l)()a 
iiionoxido have been mado Ijy (I. H. Taylor. In inakiiig 1 .Ju;h(> 
calculations, the heat of formation of aluminum oxid(‘ ha.s Immui 
taken as 378,000 calories, which is an avcrag(^ of the results of 
Berthelot,* and those of Parr and Mooso.^ 'Tlu! In^at of forma¬ 
tion of carbon monoxide, as given by Lewis and Handall'* also 
has been employed. 

AI2O3 = 2A1 + 30 AH2U8 = 378,000; AK“«,,h = 3r)(),30(). (1) 

3C -b 30 = 3CO AH,,,., = -78,-ir)0;AF°-„„ = ~()7,r)30. (2) 

AljO., -t- 30 = 2A1 + 300 AH,,j„ = 299,550; A = 258,770. (3) 

Oombining the appropriate heats of rcisiction and fnv^ emngy 
for the first two equations gives, for th(^ h(^at of reducl.ion ()f 
alumina by carbon, the value (AHasH), 299,5,50 caloihw, and for 
the change in free energy (AI'''° 2 „„), 258,770 caloricis. Using th(‘ 
best obtainable values for the specific heats of tlui (denumts and 
compounds concerned, and making allowanc(^ for l,h(( latent heat 
of fusion of aluminum, Taylor has calculatcal (by tlus nuddiods 
of Lewis and Randall) the equilihi'ium constant for tlui reaction 

G5544 

(K = as Log K = 30.22 - ' • From (,his (Miiuition 

the partial pressure of carbon luonoxith^ in (Hiuilibriiuu wiUi 
alumina and carbon at various tempeu-atures can b(‘ n'adily 
calculated and the values for temperatur(\s from 1300 (.o 2()()()'^(f 
are given in Table 6. 

These values permit an estimat(> of the l()W(\st (,{‘mj)(‘r{itur(‘ iii 
which alumina can be reduced to aluminum by carbon a,t a.tmos- 
pheric pressure. This minimum n^action t(mip(‘ratiir(‘ would 
be the temperature at wliich tlu^ sum of th(‘ partiaJ pr(‘ssinv 
of the carbon monoxide and the partial pivssiuv of aluminum 
vapor from the reduc('d aluminum would b(‘ (‘(pnil to I admos- 
phere. Assuming the boiling point of alumbmm to b(‘ bS()()‘’{'., 
according to the obs(u*vath)ns oi (IrcMuiwood/ a,nd using the 
values for the vapor pressure of aluminum eahudaind by Milla,r,'‘ 
it is lound that at about 1750 (b tlu^ sum ol tlu^ partial pr('ssur('s 
of carbon monoxide (240 millinud^cu's) and aluminum (520 

1 Behthelot, Ann. chini. phyii,, (7) 22, 4^2 (lOOS). 

2 Pahu, S. W. and J. IC. Moose, J. Am. Chvm. Hoc., 46, 2(>r)() (11)21). 

3 Lewis and Randall, “Therniodynaniifbs and thn Phm' lOiu'rgy of (buMiii- 
eal Sub.starKHLS,” McGraw-Hill I^cok Goinpany, Inc., New \'()rk (11)22). 

‘^Greenwood, Proc. Roy. Hoc. (London) A83, 4H'S (1910). 

Millar, R. W., Ind. Eng. Chem.., 17, 34 (1925). 



THE PRODUCTION OF ALUMINUM 


329 


inilliTnci(u-s) (Hiiuiled on<^ ^li.^l()Hplu‘r(^ This, of course, is n 
uiiuimuni reaction teinperaturo, and a higher temperature 
would have to bo reached before the rate of reduction would be 
appreciable. Practical experience shows that a temperature 
of at least 1800°C. or higher has to be employed, and theory 
and practice in this case seem to be in substantial agreement. 
Although thermodynamic considerations lead to interesting 
conclusions regarding equilibrium relations, they give no informa¬ 
tion as to i.he rate at which the reaction will proceed. 

TaHLIO ().—PuESSTTIlB Oin OaUBON MoNOXIDB IN EQUILIBRIUM WITH 
Alumina and Carbon at Various Temperatures 

A1,()3 + 3C == 2A1 + 3CO 

/ 21848 \ 

(Log (in atmospheres) — 10.074 - jp —j 


Tcnnpcrature, 
{l(^gr(M\s Ckmtigradt^ 

Partial jirassuro of carbon monoxide in 
(Rpiilibrium 

Pn^.ssurc, 

atmospheres 

Pressure, 

millimeters 

1500 

.5.64 X lO-s 

4 

1600 

2.,56 X 10-2 

20 

1700 

0.100 

76 

1800 

0.343 

261 

1896 

1.000 

760 

2000 

2.897 

2,200 


Although th('. eiiuations indicati'. that und(‘r n^ducod pn^ssure 
of carlion nionoxid(‘, lh(‘ reaction will proceed at a lowcu- t(‘m- 
])('ratur(‘, it is doubtful in practice whetlu'r any such rc‘sult could 
be obtained. With a view to preventing the r(‘oxidation of 
aluminum by carbon monoxide, various inventors^ hav(‘ siigg(‘st(Ml 
carrying out the reaction in a vacuum, or at h'ast umhu* r(‘duc(‘<l 
pressiircL This, however, would be exceedingly dithcult to do 
on a commercial scale at the necessary t(‘mperatur(‘s. On the 
otlnn* hand, a patent to Ihirgess^ recommends carrying out the 
1 ‘eduction in a closed chamber undtu’ pn^ssiire! 

‘Giulini, G., U. S. Pat. 1,257,91)5, Mar. 5, 1918; Ur. Pal. Slim (1918) 
Jan. 29, 1914; Aust. Pat. 69,179, Juno 25, 1915; Norw. Pat. 27,806, Oct. 9, 
1916. 

Bur(JEss, L., U. S. Pat. 1,512,271, Oct. 21, 1921. 
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l,1io producf.ion of Jiluininuin by Ui(^ nHluc-IJoii of {iluiniiin, wil-li 
carbon is always complicates I by the formation of aluminum 
carbide accorcling to the reaction, 

2AhO., + 9(^ = + GOO. 

The equilibrium conditions for this reaction hav(^ been investi¬ 
gated by Prescott and Hincke.^ These investigat-ors found that 
the equilibrium pressure of carbon monoxides is 1 atmospheres 
at 1978°C. Frary'^ has described the diflicultic^s (experienced 
in electric furnace operation when an excess of aluminum cjarbide 
or alumina accumulates in the furnace. To seciune reegular 
operation, the dross floating on the alloy in tlue fuiaiacu' is t(‘sted 
to determine whether aluminum carbide or alumina is in ('xccess. 
Alumina may then be added to the furnaces to redmu' (^xc(\sh 
carbide, or coke may be added to reduces excess alumina. 

Although no one has devised a practical schcmie for r(^cov(U'ing 
pure aluminum from the reduction products of alumina and 
carbon, nevertheless its recovery in the form of an aluminum 
alloy is well known and practical. M. II. and A. II. ('owhvs 
were the first to accomplish this, and as c^arly as I <885 tlH‘y mix('d 
corundum with granulated carbon and nud-allic (a)i)p(U’ and, by 
the passage of electric current through tlu^ charges, Iu‘al(‘(I it to 
the reduction point and produced an aluminum-(3opi)(‘r alloy. 
They were able to make alloys containing as high as 10 p('r (umt 
aluminum, although it was much (‘asicu* and mon' pnudmvil to 
make an alloy containing about 30 [xu’ e(ml. or l('ss of aJuminum. 

Cbpp('r is substantially l(\ss volatih^ iJum nJuniimim its 
boiling point is 2300te-. as eom])ar(‘d with about IS00‘'(^ for 
aluminum— and, lumce, can b(‘. us(‘d to absorb tlu' m(‘ta,Ili (5 
vapor of aluminum as it is prodiKual. Th(‘ parlaa-l pn‘ssur(‘ of 
the aluminum in an alloy is V(uy much lowcn* tha.n that of pun' 
aluminum at the same tcanix'ra-tun'. Tlu' aluminum can thus 
be c(jnveniently rec()V(UXHl by abs()ri)IIon in a- l(‘ss vola.lih' iiH'lal. 
Silicon (Imiling point = 2G0()‘"(O'^ a,ml iron (boiling point. = 
3i)00%\y are even Fss volatiles than (U)i)p(‘r a,ml can Ix' us(‘(l to 
collect the reduced aluminum. Sonunvliat liiglu'r (X)nc(*ntra tions 
of aluminum can })e obtained in (lu^ aluminum-sili(a)n and 

1 Prescott, Jr., (!. II., W. H. Uinckk, ./. Am. ('firm. 49, 'IINA 

(1927). 

‘•^Prauy, F. (!., U. S. Pat. l,r)91,3()2, Aug. S, 192(). 

'Untc'niat.ioiial Critical Tal)l(‘.s. 
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alurninum-iron alloys than with the aluminum-copper alloys 
because of the lower volatility of the silicon and iron. Aluminum 
[illoys containing as high as 75 per cent aluminum have been 
made by electrothermal reduction, but not on a commercial 
scale. When an attempt is made to attain a high concentration 
of aluminum in the reduced alloy, it is necessary to use a larger 
quantity of carbon in the charge and there is a greater tendency 
for the reduced alloy to be contaminated with carbides. The 
higher the content of aluminum or silicon in the alloy, the lighter 
is the alloy and the greater the difficulty of separating it from any 
slag which may be produced in the smelting operation. 

Since 1920 an extensive use of aluminum-silicon alloys has 
been developed and considerable interest has been shown in the 
electrothermal production of these alloys. It is stated that by 
keeping the silicon content above 35 per cent, or preferably 
around 40 per cent, an aluminum-silicon alloy can be electro- 
thermally produced from a mixture of alumina and silica without 
appreciable contamination by carbides.^ Another Swiss patent^ 
suggests that carbides can be separated from the electrothermally 
produced aluminum-silicon alloy by slow cooling of the alloy, 
followed by casting it in molds. A Swiss patent refers to the 
smelting of a briquetted mixture of kaolin, petroleum coke, 
and tar in ordcT to produce an aluminum-silicon alloy.^ The 
obvious claim is made that if an iron-free alloy is desired, the raw 
materials of the charge should be correspondingly free of iron. 
I^dectrotherrnally produced aluminum-silicon alloys have been 
made and sold commercially for some time. 

A variety of ideas with regard to th(^ ek^ctrothermal production 
of aluminum and aluminum alloys luiv(^ been patenU'd. Aftcu' 
the pioncHu* (lev('lopm(mt of tlu^ ('owles brotluu's, Willson' 
described tli(^ production of aluminum alloys by striking an 
electric arc ])etween a carbon (4('cirode and a copper electrode 
in the pres(mc(‘ of a mixture of alumina and carbon. Willson"’ 
also recommended impregnating the alumina with tar or otlier 
reducing agent to s(‘cure an intimate mixtun^ of the two before 
heating to the reducing temperature. A similar proposition, 

^ Elioktrizitatswichk Lonza, 8wi.ss Put. 121,605, July 1, 1027. 

^ EcsKTiiiziTATswKUK Ja)NZA, Swiss Pill.. 125,2711, Apr. 2, 102S. 

Aluminium Industiuk, A.-(}., Swi.ss Pal. 102,706, .Ian. 2, 1021. 

•» Willson, T. P., V. S. Pal. 101,50-1, \N]>. 7, 1S05; Hr. Pal. 21,701 (1S02) 
Snpt. 50, IS05. 

^ Willson, P. L., Hr. Pal. 21,606 (1S02) Su])t. 50, 1.S05. 
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although patented much later, is that of J3urgossd who mixes 
alumina with tar, pitch, asphalt, etc., and cokes th('. mixtun^ 
in order to secure intimate contact between alumina and carbon. 
Lime^ is one such addition agent which is said to act beneficially 
as a fluxj the claim is also made that it forms calcium carbick^ 
which acts as a reducing agent on AloO^. H(Tp<^k‘‘ states that 
the addition of strontium or barium compounds largcdy immmiH 
volatilization of aluminum from the furnaces; he claims to obtain 
a mixture of aluminum and ahuninum carbide. Another 
proposal'^ is to produce electrothermally an aluminum-silicon- 
iron alloy and then separate thf^ aluminum by fractional dis¬ 
tillation under reduced pressure. Tlu^ distillation of an alloy 
containing 45 per cent aluminum, 50 p(^r C(mt silicon, and 5 per 
cent iron is mentioned specifically. The reduction would be 
carried out in one chamber of the furnaces, and iho hmIuccmI alloy 
would then flow into an adjacent chamlxu’ where tlu^ distillation 
of the aluminum would occur. 

Onda*’ reduces a mixture of carbon, alumina (bauxibO, and a 
metallic sulfide with the formation of a molten slag (containing 
aluminum sulfide, and with the recovery of an aluminum alloy. 
Along the same lines, Haglund*’ has recomnumdc'd t,h(' us(c of a 
a sulfide-containing slag in the ekcctrothermal i)rodu(dh)n of 
aluminum in ordew to minimize the volatilization of aluminum. 
The slag, of course, must bo considera})ly lighbu- than tJuc alloy 
in ordcir to permit satisfactory separation of tlu^ (wo. In an 
earlier patent, Peniakoff^ (cxpn^ssed tin' i(k'a that, aluminum 
sulfide could be reduced by carbon monoxide', (carbon, or a 
hydrocarbon gas. Tornc^ has necommernk'd (carrying out tine 
reduction in two sleeps, first reducing alumina lo aluminum 

MUjiigess, L., U. 8. Pat. 1,370,523, May 2-1, 1021; Hr. I’at. 1S2,()()0, 
July 13, 1022; Fr. Pat. 535,0S4, Apr. 8, 1022; ('-an. Pat. 2lS,32(i. 

2 RiiEiNiKciiK KuoKTiiowniiKio, (!(M'. I’lil,. 3()K,5-I2, Jiilv 29, 1920; 

DK Souza, A. 10., Fr. Pat. 3.53,277, Supt. 7, 190.5 

"Sbiu-bk, 0., G(!r. Pat. 2()C,,5S,S, lAh. 9, 1909; Swiss Pat. I2,.5(i7, Mar. 1 I, 
1908. 

■’AluminiumIndustiuk, A.-(l., Swis.s Pats. 121,117,.liinc 10, 1927; 121,001, 
Aug. 1, 19‘27; Gar. Pats. .■1.50,800, Mar. 2, 1928; ■100,.5.51, Oct. 9, 192S. 

K)nda, M., U. S. Pat. 700,.5.5.1, Mar. 1, 1901. 

“Haolund, T. R., U. S. Pat. 1,,512,102, Oct. 21, 192-1; Gan. Pal. 2.51,.381, 
.July 7, 192.5; Fr. Pat. .507,181, Mar. 3, 1921; Gin-. Pat. 107,927, .Ian. 3, 
1925; Norw. Pat. 37,9,80, Oct. 1, 1923. 

’ Peniakoki.', a., Gnr. Pat-. ,83,038, Get. 17, 189,5. 

“Tone, F. ,1., U. S. Pat. 901,913, .lunc 21, 1901. 
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carbide, and then, by reaction with more alumina, producing 
metallic aluminum. It is Tone’s idea that the production of 
aluminum would be facilitated because less gas (carbon monox¬ 
ide) would be liberated in the second-stage reduction of aluminum 
carbide. Askenasy^ makes the statement that, ‘'If'aluminum 
carbide be heated in a crucible in an ordinary metal smelting 
furnace, say somewhat above the melting point of aluminum, 
experience has d(uuonstrated that the aluminum gushes from 
the carbide like water from a sponge.” It was his idea that 
somewhere not far above the melting point of aluminum there 
was a crii.jcal temperature at which aluminum carbide would 
spontaneously (h^composc with the formation of metallic alumi¬ 
num. This behavior, however, has not been verified, nor does it 
sound at all probable. 

Pure Aluminum from Electrothermally Produced Alloy. 

Although only alloys of aluminum have been practically 
produced by electrothermal reduction of alumina, nevertheless 
it is possible by electrolytically refining the alloy to produce pure 
aluminum from it. The combination of the electrothermal 
reduction process with the electrolytic refining process thus 
offers a means of producing pure aluminum from impure materials 
wiiliout the m^cessity of producing a very pure alumina such as 
is requircul for the electrolytic reduction process. William 
Hoopes, working with the research staff of Aluminum C'ornpany 
of America, has devedoped such a combination process and tried 
it out- on a substantial scale.*’ 

Alumimim alloys with either iron, silicon, or copper can Ix^ 
readily produccul by (‘k^ctrotliermal reduction. Only tlu^ 
aluminum-C()pp(‘r alloy, howewer, can be satisfactorily used for 
electrolytic redining. It is essential in the electrolytic refining 

^ Askenasy, Paifl, lU'. Pat. 23,315 (1909), Void. 

“ IIoopES, Wm., F. C, Fuahy, J. D. P]i)WAUDs, U. S. Pat. 1,534,310, Apr. 
21, 1925; (^an. Pat. 250,12.S, Doc,. S, 1925; Pr. Pat. 20S,710, Apr. 20, 1925; 
Austral. Pat. 15,710/23, Jan. 27, 15)24; Braz. Pal. 14,737, Jan. 15)25; (^zocho- 
Slov. Pat. 24,721, Fob. 1, 15)2S; Hung. Pat. 88,543, IMay 18, 1925; India Pal. 
9923, Doc. 20, 15)23; Jtal. Pat. 226,715, Fob. 8, 1924; Jap. Pat. 61,348, 
Oct. 6, 1924; Jugo-Slav. Pat. 3295, Doc. 1, 1925; Mox. Pat. 23,348, Do(n 
28, 1923; Fr. Pat. 575,464, Apr. 23, 1924; Norw. Pat. 43,480; Ausl. Pat. 
106,096; Bcdg. Pat. 314,428, Doc. 31, 1923; Br. Guiana Pat. 184, Apr. 10, 
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process that the anode alloy remain mobile during the refining 
operation, as previously explained; the aluminum-iron alloys 
do not meet this requirement because of their high melting 
points. Betts^ suggested the reduction of clay with carl)on to 
form an aluminum-iron-silicon alloy, followcul by the (dect,roly tic 
extraction of aluminum from this alloy. Buch an alloy would, 
however, have such a high melting point as to mak(i it im])ractical 
for use in the electrolytic refining process. Tlu^ aluminum- 
silicon alloys are not of sufficient demsity to sink Ixmeal.li tln^ 
electrolyte in the refining coll. The alumimim-coi)p(U’ a,Hoys 
meet both of these requirements very satisfact.orily, bul. must, 
be relatively low in iron and titanium. Silicon, how(^v(U’, in 
amounts from about 2 to 32 pen- cemt of the C()j)p{u* cont(mt of 
the alloy, is a beneficial addition, and the reduction pro(u\ss is so 
carried out as to leave a substantial amount of silicon in tlu^ 
alloy. 

An alloy low in iron and titanium can be produccMl l)y sc'hmting 
raw materials of the proper purity. When^ siudi mat.fu’ial is not 
readily available, it is necessary to subj(^ct. it. t.o a pridiminary 
purification step. For example, a clay or high-iron bauxiU' 
can be smelted, with a limited amount of carbon, in an (‘huh-ric^ 
furnace to produce an iron-silicon alloy containing most, of tln^ 
iron and titanium and a substantial port.ion of t.ln^ sili(^on, 
together with an aluminous slag containing most, of (,h(‘ aJuminn,. 
This aluminous slag is them smeltcMl in anotluu* fiiriuu^i^, with 
suitable proportions of copper and carbon to prodmu' a,ii alu¬ 
minum-copper alloy of the proper composition for t.ln* (d(‘ctrolytie 
refining process. A flux, such as magiu'sia, (^an Ix' jKhhxl t.o 
reduce the melting point of th(^ slag and fn,(dlit.a(.(‘ l,h(‘ iv(‘ov(‘ry 
of the aluminum-copper alloy." If tlu^ slag il,s(df do<'s ual 
contain enough silica, the mniessary amount, in t.lu^ form of iron- 
free china clay or sand may he add(Ml to th(‘ (^harg(‘. An alloy 
which has been prodiKuul in this way eontaiiH‘d 35 p<‘r ami 
aluminum, 55 p('r cent coppeu', 8 fKU' (‘-(uit, sili(‘.on, with h'ss ( hjin 5 
pei cent iron and less than 1 peu* c(mt, til.anium. This alloy (‘.{in 
be added directly to th(^ ek^ct.rolyt.ic ndining (xdl a,nd aJuminum 
of high purity produced th('refrom. FuMpumtly, how(‘V('r, l.h(‘ 
alloy as it coim^s Iroin th(^ electric iurna(U‘ (‘ont.iiins non-imdidlic, 
impurit,i(‘s, such as oxidcss, ca,rl)id(‘s, (d.c., which inl.c'rlVn' s('riously 

' Betts, A. G., U. S. Pat. 795,SSC, l, l<)()5. 

GSiiUMAKEii, F. I)., II. S. Pat. 1,()U,()()(), Oct. 1, 19‘J7. 
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with (‘.ho continuous operation of the (^loctrolyiJc refining cell. 
The major portion of these impurities may be removed by cooling 
the molten alloy and skimming off the' dross which is formed, 
or a more substantial cleaning^’ of the alloy may be effected by 
passing it through a regular liall reduction cell. The combined 
offc^ct of the solvent action of the cryolite electrolyte and the 
nducing action of the electrolyzing current very effectively 
cleans up the alloy and puts it in condition for use in the refining 
cell. 

The impoverished copper alloy from the refining cell is returned 
to the process and used in the electrothermal reduction step 
to produce more copper alloy. From time to time it is found 
necessary to treat the impoverished copper alloy to remove 
impuriti(».s, such as iron and titanium, which accumulate in it. 






library 

7 





APPENDIX 

BOOKS ABOUT ALUMINUM AND ITS ALLOYS 

Ste.-Claire Deville, Do rAluniiiiiiun,” Pjuis (1850). 

Richards, J. W., “ Aluminiuin,” 3r(l Kd., (>()t)])|)., Suinpsoii Low, Mansion t'fe 
Co., London; Henry Carey Baird Co., Idiiiadi^lpliia (ISOd). 

WiNTELER, F., “Die Aluininium-Tndustrie,” 108 pp., l’ri(Hlri(Oi Vi(*w(^f>; und 
Sohn., Braunschweig (1903). 

Langworthy, C. F. and Peter T. Austen, OiuuirnuKu^ of Aluinimini 
in Vegetable Produiits, Annual Products, and Natural Wat<M*s,’' Kis 
pp., .John Wiley & Hons, New York; ('hapinan ik Hall, Ltd., London 
(1904). 

Minet, Adolphe, “The Production of Aluinininn and Its Iinliisirial Hsi^,” 
261 pp., .John Wiley Sons, Now York; (thapnian A Hall, Ltd., London 
(1910). 

Kohn-Abrest, E., “RecheriLes siir rAIuininiuin,” Lihrairie-Polyt('chni(jU(‘, 
Ch. B6ranger, Paris (1911). 

Flusin, G., “rindustrie de rAluminiiiin “ ( 1912 ). 

Escard, Jean, “L’Aluininiinn dans T/Industrie; ni6tal pur alliag(‘s (PAluini- 
niuni,” 272 pp., H. Dunoil et E. Pinat, Paris (1918). 

Pattison, J. T., “The Manufacture of Ahnninuin,” 101 pp., E. A F. N. 
Spoil, Ixjndon; Spon & (huiinliorlain, N(‘w \'ork (lOIS). 

DE Fleury, H. and IL LAHitUYEUE, “ Di's (MUjilois (h* rAlmninium dans la 
(construction dos machiiK's,” ,5<S pp., IL Dunod (9. E. Pinal, Pa,ris 
(1919). 

U. N. Bu 7\ Blaiidardu, Circ. 70, “Aluinininn and Its Liglit .Alloys,” 120 pp,, 
(siipersedt'd by (Hric. .‘LKi). Su])t,. of nocunKMils, Washington, I), (!. 

(1919). 

Grard, C., “ L’Aluininiuni (ct sics alliages; i‘lud(‘ raliomu'lle des cn.rM-ch'Tis- 
tiquos et (hcs traiUunenis theriniipu's applications indusi rielh's,” 'J IT) 
pp., Berger-lAcvrauIt, Paris (1<)2()). 

Guard, A. M., “Aiiuniniuni and Its Alloys, 'rinar PropinMi<‘s, Thonnal 
Treatment, and Industrial Ajiplicat^on,” ('onstabL A. ('o., London; 
D. Van Nostrand & (k)., New \h)rk (1921). 

LTJnion d(cs Syndi(ca1s d(‘ riOh'ctrieitiu L’Aluininimn dahs rindnsirie 

tricjiKC. Happoiis die la XVe ('onnnission. 101 pp., Bur(*nu\ de la 
R(cvue g{cn(h-al(‘ de 1’Kh'ct rici((*, Paris (1920). 

Mortimer, G., “Aluniiniuin,” l.')2 pp., 1. Pitman A Stnm; Lid., London 
(1920). 

Boui’iiers, W., “Aluminiiiin,’’ 213 pj)., Knapj), llalli' (1921). 

I.a So(ciet<6 cl Encouragennent p(,)ur I’lndustrii' nalionahy ( onf('‘renc(‘s (4, 
expositioms publiciues (l(‘s Nouvidh's Apiilieat ions Industriidlics de 
rAluiniiiiiim, du Magnesium, du ('alcium et du Sodium. Published 
by the Society, 44 rue de Rennies, Paris (0) (1921). 

336 





APPENDIX 


337 


^OSJONIIAIN, Akchbtttt, and Hanson, Eleventh Report, Alloys Research 
C'oininittot^, Ind, Mech. E?ig. (London) 256 pp. (1921). 

^TOKLASA, Julius, “tlber die Verbreitung des Aluminiums in der Natur 
iiiid seine Bodeutung beim Bau- iind Betriebstoffwechsel der Pflanzen,” 
500 pp., Gustav Fischer, Jena (1922). 

vRAUSic, H., “Das Aluininiiun und seine Legierungeii,” 2nd Ed. Rev., 2 
Vols., A. Hartleben, Vienna (1923). 

boKG, Hans, “Aluininiiun imd Alinninimn-Legierungen, ilire Werte fiir 
Technik und Wirtschaft,” SI pp., H. Bcchhold, Frankfurt a.M. (1924). 

^NDUitsoN, R. J., “Metallurgy of Aluminium and Aluminium Alloys,” 
913 pp., Ihuiry C'arey Baird & Co., Inc,, New York (1925). 

JiOHAii, It., “Di(^ Aluininiuin-Indiistrie,” 2nd Ed. 338 pp., D. Van Nostrand 
(-oinpany. New York; Freidr. Vioweg & Son, A.-G. (1925). 

IiuzKL, H., “Das Aluminium und einige seiner Legierungen,” 46 pp., 
I in Selbstverlag der Ofientliehen Haiidelslehranstall., Leipzig (1924). 

xAUTScni, Alfred, “Die Alumiriiumindu.stri(\’’ 120 pp., Raschor A Cie, 
A.-G., ZurieR (1925), 

lOLDScuMiDT, K., “ Aluminothermio,“ 174 pp. S. Hirzei, Leipzig (1925). 

tEGELSBEituER, F., “Clicmische Technologic der Leichtmetalle und ihrer 
Legierungeii,” 3S5 p})., Otto Spainer, I^eipzig (1925). 

k)RSON, M. G., “Aluminum,” 292 jjip., D. Van Nostrand & Company, New 
York (1926). 

Crdmann, Richard, “Aluminium, seine Eigenschaften und seine Bear- 
lieitung in Industrie und Handwork,” 103 pp., Dr. Max Jane(‘ke, 
I.eipzig (1926). 

Ikinolass, P., “Ch(‘inis(*h(‘ T(‘chnologie der Legierungtm mit Ausnahme 
(l(‘r I^]is('n-K()iil(‘ns(()lllegi(‘ning{‘n,’’ 2n(l Ed. 538 pj)., OUo Spainer, 
L(‘i})zig (1919). 

Cowards, J. D., “Aluminum Bronze Powdm' and Aluminum Paint,” 
101 p})., Tli(^ CJu'mical (Rialog Comjiany, N(‘\v ^'erk (1927). 

^AiNTON, ICixiAR T., “Tin* Working of Aluminium,” 214 pp,, Cliapman & 
Hall, bid., bondon (1927). 

b S'. Hur. El(in.(l(ir(ls, C/7\ 34(>, “bigid M(4als and Alloys: Aluminum 
Magn(‘sium,” 403 iij).. Supt.. of Documents, Washington, D. L. (1927). 

vIkli’hior, Ih, ‘‘Aluminium, di(‘ biucht.imdalh' und ihu' bi'gienmgen” 263 
])p., VDI-V(‘rljig (}. m. b. lb, Ik'Hin (1929). 

70ft7 













L I B ^ R Y 






INDKX OF NAMES 


A 

VCIEIUEH P]lECTUIQXT 10H PAIIL GlliOD 

n'UcnNio, 41 

lOKlOHMANN, W., 227, 229 
U)AMM, G. L, SI, S5, SS, 96, 120 
U<TnOHOLA(ilOT Guaen, IS4 
V K 1 mh ] LSK Aii lO'r K u y () liti i - M i n e 
()({ ITandelkhkahet, 281 
Vktiehelhkah IIaikjvik Bmelte- 
VEHK, 47, 56, 57 

VKTiErtELSKAn Btanuf.ioudenh El- 
EKTROKEMISKE PaBIUKEU, 46, 

55, 56 

VkTIEBELSKAB VlGELANDK BhXTG, 

46, 55, 56 

Vluminxim Comi'Any of America, 

15, 19, 30, 31, 32, 33. 43, 57, 
144, 236, 23S, 250, 262, 2()7, 
322, 333 

'Vluminum (Uimfanv of C\\naoa, 
Ltd., 31, 33, 298 
\liiminum Ore (’omdanv, 31 
Aluminium Limited, 31, 32, 33, 55, 

56, 57, 58 

An I MIN HIM ('OMl'ANV, l/l'l)., 8 , M 

Aluminium ('orpora'i'ion, I/i’d., 15, 

•17, 57 

Aluminium (litoWN Me'i’al ('om- 
panv, 1 1 

AlUMIN 1X!M DU SUD“OuEST, 12 
Alumink), Espanol, S. A., ^10, 59 
Aluminium Indus'prie Ak'i'ienoe- 
kellschaft (Neuiiausen Com¬ 
pany), 13, 15, 37, 39,^10, 11, 17, 

50, 51, 52, 53, 51, 59, 261, 262, 
319, 322, 331, 332 
A niMINIXIMWERK, G. M. IL II., 49, 50 
AlUMINIXIMWERKE STEE<i, 50, 59 
Allen, T. H., 216, 2^18, 2L) 
Alloemeine Elektrizitats - Ges- 
ELLSCIIAFT, 19, 52, 302 

339 


Alliance Aluminium Company, 10 
Alluminio Jtaliano (SocibtA 
dell’Allxjminio Italiano), 33, 
57, 58 
Alvisi, 213 

Amber Size and Chemical Com¬ 
pany, Ltd., 184 

American Chemical Society, 2, 17 
American Electrochemical Soci¬ 
ety, 17 

Anderson, R, J., 337 

ANOLO-NoRWEaiAN ’ ALUMINIUM 

Company, Ltd., 55 
Antoine, L., 182 
Arghbutt, 337 
Arendals Fossekampani, 55 
Arndt, K., 290, 310, 311 
Armour <& Company, 250 
Armour Fertilizer Works, 262 
Arsandaux, it. M., 92, 120, 159, 187 
Askenasy, Paul, 147, 215, 274, 333 
Asskev, C., 205 
Axrje, K., 200, 20(), 207 
Auoe, M., 87, 120 
Aus'PEN, Peter L., 336 

B 

Uadin, Adrien, 12, 43, 258, 260 
Badische Anilin and Soda Fabrik, 
182 

Baldwin, 22 
Balard, 38 
Ball, Sydney II., 2S2 
Ban, T., 213 

Barnett, M., 200, 207, 215, 256, 
271, 278 

Barnitt, J. B,, mo 
BvYskow, 2S6 
Basset, A. M., Ml, 183 
Bassett, IL P., 141 
l^AUER, H., 156 



340 


THE ALUMINUM' INDUSTRY 


Baueh, M., 90, 120 
Baum, E. C., 279 

Bayeu, Karl Joseph, 40, 127, 12i), 
130, 135, 158, 161 
Behnke, J. H. C., 149 
Beilby, G. T., 141 
Beilby, H. N., 141 
Bell Brothers, 44 
Berea College, 32 
Berg, FIans, 337 

Bergius, H. and (Company (C^iem. 
Pab. H. Beh(}ius and C-o.), 275, 
284 

Bergman, W. D., 188, 207 
Bergschold, 8. A. J., 174, 192, 2ll, 
214, 220 
Ber(ive, E., 209 

Beringer, A., 138, 151, 152, U)l 
Berthelot, 328 
Berthier, P., 63 
Besangon University, 34 
Betts, A. G., 228, 230, 285, 321, 334 
Bevschlag, F., 95, 120 
Bum, C. F., 150 
Bilfinger, H., 285 
Biltz, W., 167 
Bishop, H. B., 185, 284 
Bjorkeson, a., 106 
B.iorkstedt, W. G., 194, 204 
Blaokmore, H. 8., 153, 215, 228, 
208, 319 

]5lake, K, H., 192 
Blanc, Baron G. A., 57, 185, 212, 
222, 223, 224 
Bloch, 51 
Bloikhi, if, 221 
Blumenheirj, H., 195, 279 
Bock, J., 205, 207 
Boehm, W., 175 
l^OHM, J., 107, 168 
Bole, G. A., 72 
Bontiiron, j. a., 142 
Booth, M. 8., 277 
Booth MAN, 1). M., 2i)8 
Burch EEts, W., 15, 337 
Bosch, (F, 263, 204, 200 
Boulton, J., 208 
Bow LEY, H., 218 

Bradburn, j. a., 161, 164 


Bradley, Chas. 8., 27, 28, 29, 30 
liRADNER, D. B., 187 
Brag(J, \¥. 11., 165 
Brag(], W. j.., 165 
Branneu, j, 8., 120 
Breguet, 37 
Brenek, II., 148, 174 
Breton, Fkhiot and ('ompany 
195 

Brie(}LEh, 250 

British Aluminium Company, Ltd., 

15, 43, 44,45, 46, 54, 55, 5() 

B rivet, 14 L 

Bro(;krank, (/. J., 248, 24i) 

Brooks, B. T., 273 
Brown, G AL, 185, 191, 15)5 
Brownmiller, L. 1\, 1()(), I()7 
Brunel, j. A1. a., 222 
BRiiNjEs, F., 185 
Bikmianan, IFiancis, 66, 67 
Bucherer, a., 318 
Bikmineh, M., 188, 189, DO, 207, 
210, 212, 213, 232, 235, 284 
Budnikov, P., 275 
Bunet, P., 258, 261 
Bunsen, Bohert Wilhelm, 11, 15, 
47, 318 

Burimiard, if F., 81, 120 
Burgess, L., 200, 207, 215, 25(>, 271, 
274, 278, 329, 332 
Burkev, 11. M., 116, 203 
BuR'roN, IL (120 
Butts, ( 'has., 81 

Cameron, V. K., 217, 218 
('ampreih., j. Morrow, 61, 91, 120 
(’aro, N., 257 
(Urter, P. II., 183 
(Use, W. if, 199 

(Fvstner, Hamil'I’on 7, 8, 9, 15, 
41, 279 

('atalvud, j. 11. B., 120 
(hiADWicK, J., 182, 196, 198 
(hiADWH’K, 4\, 182, 196, 198 
(hiADWiCK, W., 182, 196, 198 
Chiandleu, Dr. Charles F., 26 
Chappell, II. IF, 141, 174, 218, 219 



INDEX Ob' NAMEE 


341 


Ohahuin, V., 120 

('IIEMISCIIE FaIUIIK OhIIOSHEIM- 

1-]ljokth()N, 48, 49, 20.5, 210, 
225, 22(), 285 

(JuiOMlHCIIE I’AIUUIC (GuJIJNI C,}. M. 

n. 14., IjAihaoii), 58 
ChENATj, Fehiion, Douieiikt et 
C iE, 154 

OiiiLDH, H. D„ 227 

ClE DEH VUOIHJITH GlimiQUES 

1)’ AlAIB ET I)E la Gamahcuie 
(O oMEAcmiE Alaih), 38, 30, 41, 
43, 130, 158, 150 

CUe dee pRoninTs (^iimiques 

y/v E Tj e (;'ru() m Iota l l i iik j u eh 

Alaih, FiiociEH et (Iamaiuhie 
(O oMPAdNiE A, F. 0.), 38, 40, 
41, 42, 55, 50, 101 
(4jApp, Geo. IT., 23 
(4jArk, L. F., 202 
C4.AIIKE, F. W., 00, 01, 04, 120 
Glauh, C. F., 150 
(4.EM.M, A., 150, 103 
('lewh, F. H., 152 
Gohb, J, W., 134, 174 
(-OOHHANE, C., 142 
('odiiiLL, W. II., 04, 120 
(\)LE, G. A. J., 83, 120 
(4)le,. Komaine (>., 23, 25 
(4)llett, 4]., MO, 157 
(\)i.L()'!', L., 120 
('oLiJMiu A Un i\ Eusrr^, 2() 
('OMPAONIE GeNEIIALE i/AeeJVIINE 

SoiMiVi'E Anonvme, I is, 177 
102, 211 

Gooke, if I)., 220 
(looKE, W., 81, 120 
( loOLHAlKJlI, M. K., 177 
Gondy, II. B., 181, 270 
GoNSoit'riuM eCih Fijor'I’Kochem- 
l SOI IE I NDIIS'IMIIE, 275 
Gonway, Baron F. non Giuse- 
WALJ), 232, 270 
Goquand, M. II., 87, 120 
Gorson, M. G., 337 
(4)UTA(JNE, G., 200, 202, 201, 205 
Gowleh, Alfred II., 11, 117, 155, 
330 

Gowleh, Edwin, 22 


Gowleh, Eifoene H., 14, 330 
Gowleh Brothers, 15, 20, 331 
Gowleh Electric Hmelting and 
Aluminum Company, 20, 21, 
22, 25, 26, 28, 20, 30 
Gowleh Syndicate, 44 
CoxE, Judge, 30 
Craig, T. J. I., 100, 234 
Crocker, 28 
Groll, a. a., 183 
Grohh, if, 221 
Cullen, J. A,, 217 
Cummer, A. E., 214 

D 

Dana, E. S., 01, 03, 00, 00, 70, 121 
Danckwardt, 1^., 278 
Danihii Government, 281, 282 
Darling, J. D., 212 
Dartmoor China Clay C^impany, 
181 

Dannenherg, E. A., 245 
Daubree, a., 121 
Davenport, J., 247 
Davey, W. P., 105 
Davih, Arthur Vining, 24, 32 
Davih, Edward K., 33 
Davih, IF W., Jr., 235 
Davy, Sir Humphrey, 1, 2, 11, 15, 
27, 28, 20, 43 
Deane, W. A., 213 
Dearborn, IF J., 275, 277 
Debar, K,., 337 

Debray, Morin and Housseau 
Bros., (), 15 
1 )e (In ALMo'r, G., 203 
De Felk'e, M. T., 210, 213 
De I'^leury, if, 330 
De Lapparent, J., 100 
De lAHSY, M. G. J. F., 203 
De iVIontgelah, ('ount IF, 277 
Dent/, V. ()., 121 
DeSt. Laurent, K. K., 178 
De Sou/a, A. K, 201, 332 
De Forhontegui F. Ibarra, L. .1 
188 

Det Norske Aktiehelskab for 
Elektrokemihk Induhtri, 55, 
201, 213 





342 


TJIE ALdMJNUM INDL^STHY 


Det Norskis Nitridaktiekiolkkab 
(‘^D.N.N.”), 33, 42, 46, 51, 
55, 56, 263 

Detwiller, rr. J., 2IS 

DeUTWCII VeRSUOII, F. lillFTFAlIRT, 

326 

Devatigelle. L. P., 187 
Dewar, Sir Jambh, 38 
Dick, 9, 44 
Dickey, A., 314 
Dieppenbach, 0., 139 
Dittler, E., 121 
Dixby, F., 121 
Doelter, C., 121, 210 
Doersciiuk, V. 0., 2i)4 
Dolter, PIenri, 302, 310 
Domansky, 227 

Doremu.s, C. a., 156, 174, 228, 
229, 230 

Douciierty, E. E., 185 
Douglas, C . A., 268 
Dover, Mary V., 13i) 

Downs, W. F., 220, 221 
Dreifuss, M., 215 
Dreyfuss, M. Jules, 52 
Dumas, J. B., 3S 
Dumont, G., 207 
Duncan, II. L., 260 
Durville, P. 11. G., 271 
Dutt, E. E., 151, 163, 277, 278 
Dutt, P. G., 277, 278 
Duvinaoe, L., 184 


E 

Eastwick, j. II., 183 
l']REEniAHI)T, ]j. A., 177 
E(’()le Normal tSniMORiEURE, 31 
Ecole des Mines de St. P>i'ienne, 
42 

E(’0LE UES l\lAlTliES MlNEUltS 
1)’A LA IS, 42 

PIdwards, j. I)., I, 3, 16, 34, 121, 
281, 299, 308, 323, 324, 325, 333, 
337 

Plow ARDS, M. G., 70, 121 
PIdwin, pi, 263 
Err EL, 286 


PIlectro-Metalluugie du Sud- 

PlsT, 42, 116 

PIlektrizitatswerk Ia)nza, 243 
211,331 

ElEKTIUZITATSWEIMvE S'l’ERN UNI) 
IIafferl, A.-G., 59 
PIllio'I'T, a. T., 226 
PIlliott, V., 139 
Ellis, G., 263 

PImanuei,, P. a., 151, 193, 198, 215 
PImery, S. S., pis 
PImi'eror Napoleon III, 5 
PInequist, j,, 215 
P] RDM ANN, HkMIARD, 337 
PIrftwerk, 49, 50 
PlscARD, Jean, 336 
PlssEX, U., 278 

PlnsTis, F. A., 139, 192, 211, 213 
PlvERHART, p]., 179, 188 

P’ 

FaBRIQUE d’AlUMIN him MaR'I’KINV, 
S. A., 53, 51 
Faiilbeho, (197 
Faia’K, II. J., 233, 231, 235 
P’aradav, Michael, 315 
Faure, i \ A., 277 
P'aus'i', 11. L., 139 

r'EDo'iMEFF, 286, 287, 288, 289, 290 
Feld, Gunther, 132, 13 I 
I'^EitMOR, h. I., 68, 70, 92, 121 

I''i( UPPER, l'\, 252, 251, 256 
P'k’KEs, I*:. S., 161, 28 1 
P’iNKELSTIUN, 129, 130 
Finkels'pein, 1!., 235 

r’iRMA \'eREIN F(i R ('hI':miS(’HE UNI) 
M E'I’ALLUROISCHE FroDUK'I'ION, 
198 

Fischer, IP P., 139 
Fisher, U,. A., 196 
Fleischer, G., 150 
P'LElSSNEit, IP, 181, 195 
Flor, K., 1.53, 222 
P’lusin, G., 336 
P'ooii, P, 3 
Foote, F., 277 
Fohhes, G. U,., 71, 77, 122 
Foss, A., 233 



INDEX OF NAME^ 


343 


Kox, 0. S., 7(), HI, 85, 98, 101, 102, 
121 

Kox, J. F., 221 

I<^H,AiONKioL, W., 252, 253, 203, 204 
I’RAHY, y. c., 170, 230, 237, 273, 294, 
2‘)9, 309, 322, 323, 325, 330, 333, 
Kha/jou, J. C. W., 175 
I<’lU01.HT, 11, 150 

PiuoN(!n Aoadi'IMY, 1, 5 
Khiont/I'U., 244 
Krlok, y. F., 200 
Frkiri'J, U., 107, 108 
I’rink, li. li., 154 
I'^RiscniOH, IL, 201 
FRisiiMirPH, W., 277, 278 
]<'R()KhI(MI, F., 210 
FitosT, J. Cl. Cx,, 192 
]''u.nYAMA, T., 250 
Fulda, W, (Vihrkiniutk Alumi- 
NurMWERKL A.-G.), 194, 195 
4'ulloni, R., 180 
Funcke, M. j., 184 
FlIKlfKAWA, L., 219 
Fry LENDER, J. FI., 224 

G 

G AH RIEL, \j. W., 237 
Ga(;on, a., 248 
Gannsen, R. (R. Gans), 207 
Gardaiil I\, 205 
Gardner, H. IF, 27() 

Gareau, N. .F, 2U) 

(Fvr, ,1. I)., 151 
Galdin, if F. if, 181 
G AlI'l'ItELET, F. ( F., 203 

GAirrscni, Alered, 337 
General lG>E(''ri{i(' ('omhany, 271 
GERHEL-S'nu)\ ER, IF, 240, 248, 219 
Gerhe!{, V., 117, 171, 358, 203 
Gerhard, IF 11 
Gejiman Governmen'I’, 49 
Gimhs, if J)., 273 
Girls, W. T., 184, 228 
GiesecivE, Sir (Fiarles, 281 
Gin, (F, 228, 319 

Ginsrerg (Vereinigte Alumin- 
UIMWERKE A.-G.), 195 
Giordan I, F., 208, 222, 225 


Girard, L., 205, 225 
GritoD, P., 244 

GiULiNi Brothers (Gebruder), 
49, 58, 203 
GnjLiNr, G., 259, 329 
Gladys/., T., 205, 222 
Glaser, F. C., 198 
Glaze, J. B,, 241 
Goldschmidt, FT, J., 234 
Goldschmidt, K., 337 
Goldschmidt, V. M., 210, 230, 
231, 232, 234, 209, 276 
Goocii, F. A,, 222 
Gordon, Samuel G., 282 
Gossage, W., 153 
Gottfried, C,, 100 
Guabau, Ludwig, 10, 285 
Gharau Aluminiumwerke, 10 
Grafton, T. E., 183 
Guard, A. M., 336 
Guard, C., 336 

Gratzel, Dr, A., 12, 20, 139, 285 

Greenwood, 32S 

Groppel, K., 241 

Guurer, ft., 181, 182 

GuOnererg, FI., 153 

Gu ETHER, 250 

Guirahi), j., 150, 103 

Gulf Defining ('ompany, 273 

H 

Rarer, IF, 108, 250 
Haiikspill, 1.., 153 
IlA(iEDORN, ('. IF, 217, 219 


i EM ANN, (F 

A., 1 

55 


iLUND, F. 

K., 

142, 240, 

241, 

270, 27S, 310, 332 


.L, (OlARLI- 

:s M 

„, 12, 13, 

14, 

15, K), 17, 

19, 

20, 21, 22, 

, 23, 

24, 25, 2(), 


2,S, 30, 32, 

, 34, 

38, I F 53 

, 128, 

, l.'ia, 155, 

158, 

230, 237, 

241, 

215, 2,35, 

300, 

301, 314, 321 




Hall, IF WF, 270, 280 
Hall, Miss Julia IF, 10, 27 
Halvorsen, IF F., 140, 177, 212, 
231, 233, 234, 235, 270' 
Hanimx^k, .]., 128 


344 


THE ALUMINUM IN DUET EY 


Hand, A., 100 
PlANSEN, W. C., 160, 167 
Hansgihg, F., 144 
Hanson, 337 
Hakdeii, E. C., 00 
Harpee, L. F., 121 
Haurasbowitz, Tl., (S4, i)7, 121 
Harhibon, J., 100, 

Harribon, J. B., 121 
Harrison, G. L., 190 
Harribon, N. C., 2!7, 

Harrison, T. S., 190, 207 

Hart, B., 177, 2()i), 225 

Haslup, E. W., 184 

Hasslaciier, F., 2-17 

Maurer, M., 195 

Hayes, G. W., S3, S7, 9-1, 90, 121 

Hayward, G. K.., 17S, ISO, 211 

Hazel, Jui)(iE, 29 

Hear, W., 275 

Heiblino, j., 1S7, 194, 212 

Hellsing, G. IL, 207 

Henderson, IL, 270, 280 

Hendhiuks, S. H., 105 

Hepke, K., 177 

Herr os, J. G., 183 

Herman, E., 203 

Heroult, Paul Louis Toubsaint, 
13, 14, 15, 28, 34, 35, 30, 37, 38, 
39, 41, 51, 52, 53, 51 
Herrensisimidt, IL, 2l(), 213, 215, 
2-19 

Hersiiman, IL IL, 138, MS, 157, 
ISO, 220, 221, 250, 259, 202, 203, 
205, 271 

HioRi’mEL, F., 271 

Hess, L., 193, 191 

Hewitt, J. 'P., 215 

Hirreut, a., 130 

Higgins, A. (\, 215, 217, 219 

IllLL, J. M., 121 

IllNl’IILEV, J. W., 22 1 

Hin(!KE, W. IL, 252, 253, 250, 330 

Hipp, G. E., 188 

Hiro'I’a, K., 211 

IIiRo'i'A, H.., 208 

Hi RSUH, F., 101 

Hirzel, IL, 337 

Hoi-’kman, E. ()., 105 


HOganas Billesuolms Aktie- 
ROLAG, 22-1, 241 
Holland, T. TL, 91, 121 
Holland, W, W., 175 
Holmes, A., 121 
Homan, G. II., 213 
Hood, J. J., 198 
Hooper, L. D., 213 
Hoopes, \Vm., 15, 32, 202, 293, 321, 
322, 323, 32 1, 325, 327, 333 
Hornsey, ,L WL, 217 
Horsfseld, IL 1\, 237, 210, 324 
lIoUDARD, M.., 241 
IIoULDSWORTll, H, S,, 174 
Howard, H., 100, 215, 224, 285 
Hoy, L, 243 

Hurer-WerdmOller, Golonel, 54 
Hulin, P. li., 100 

Hultman, G. II., 182, 188, 202, 203, 
209, 212, 220 
Mum ANN, 284 
Humerey, G., 157 
Humphrey, (L W., 210, 279, 280 
HunskhvER, Mili.ari), 23 
Hunt, Aleiied E., 23, 24, 25, 32, 312 
Hunt, Boy A., 32 
Hurter, a., 209 
IIuTuHiNS, ()., 210, 217, 250 
IlilRER, 37 
IliiriMG, G. F., 107 

I 

Ichikawa, \., 179 
I KEDA, S., 1 10 

1. G. I''aRREN IN DUSI-RIE, A.-G., 
50, 142, 182, 183, 20 1, 209, 210. 
225, 235, 275 

Iljinsk^, 280, 2S7, 28S, 289, 290 
Ilse Bergrau, a.-4 1., 19 
Ilsevverk, 51 

Innwerke Ak' 1’1 engesei.l.sch AE'r, 

49, 51 

Innwerk, 1L\\er,i.sche Alumin¬ 
ium, A.-G., 50 

Internation Ai. Aluminium Gom- 
PANV, Ltd., 15, 47 

Interna'I'ional ('rith'vl 'Parees, 
330 




INDEX or NAMES 


345 


Lskyul, V. J., 123 
(VIQRY, J. W., 178 

J 

.Iahh, 286 

Jackhon.L. L., 137, 193 
Jacohson, H. M., 273 
Jacohsson, li., 18(), 209, 215 
jACQTnoMAit'P, F., 285 
jAKNNUiAN, 2(>8 
Janks, F. W., 220 
JaVIOL (JinOMlOAL WoHKH, 5 
.Javiot, F., 2()() 

Jkhskn, (J., M() 

JlONNY, 252 
.Iioi‘i*Sv)N, N., 2-15 
JjovvioTT, Prof., 19 
loiiNsoNT, F. M. G., 139 
JoNios, D. ()., 279 
looss, M. F., 187 
Jordan, H. \V., 1()2 
Josioi'ii, L., 141, 157 
JouNiAUX, 280, 308 
Jourdan. F., 145 

Iv 

Kalass, Wm., 290 
Karmus, if T., 192, 214, 249 
Kaisior, K., 20() 

Faisior, H,,, 232 
K ANOI/I’, J., 1() 1 
Fassi.kr, if, I7(>, 20:*> 

Kaukfmann, <)., 2(Hi 
KAYS101^ A., I 15, 1 1(), 151 
Krndalr, F. 1)., 137 
Kro(}ii, F. if, 191, 210, 208, 319 

Kioi’1‘Rn, a., 121 

Kiohn, TF F’., 228 

KhRNIORVON M AKIRA dn, F., 09, 100, 
122 

Kkssi.rr, j. F., 20 1, 207 
Kuaani, Hr. Martin, 13, 14,37,52, 
53, 51 

Iairkok, j. if, 122 
Kino, G. If., 271, 275 
Kranrv, S. P., Ml, 157 
Kirkpatrick, IF S., 27 1 


Kispatic, M., 09, 99, 100, 122 
KifssocK, A., 319 
Klein, P., 154 
Kleiner, 51 
Kleinmann, F., 139, 101 
Kitson, a. E., 97, 122 
Kjeldaiil, 254 
Knibtrs, N. V. S., 04, 73, 122 
Kohn-Abrest, a., 336 
Konig.sberqer Zellstope-Fabui- 
ken und Ciiemisciie Werke 
Koiiolyt, A.-G., 179 
Koritschoner, J., 144 
Krase, FL j., 253, 256, 258 
Krauhe, H., 337 
Kuniieim, FL, 100 
Kyn ASTON, J. W ., 182, 196, 198 

L 

L’ALtfMiNiNiiM Fhan^iarse, 34, 42 

TjAbruyere, ii., 336 

Laciimann, K., 122 

Lacroix, A.. 65, 93, 94, 97, 99, 122 

Ladd, E., 222, 226 

Ladoo, R. B., 122 

Lace, FF, 193, 215, 283 

Lalst, F., 206 

Lambert, A., 144, 145 

Langford, F., 178, 180, 182, 192 

Langlet, N. a., 146, 212 

FjANGwortiiy, (■. F., 33() 

Larsen, E. S., 1()7, 108 
Larson, J. P. A.. 207 
La Rue, J. IF, 137, 205 
Fash, IfoRACE \V., 23 
r^A SocmiFpe Anonyme dks An(TEN- 
NEs Salines Domaniares Dr; 
F'IOst, 205 

Fa So(’iiVrE d’FK'c(>cr\geme\ r 
POUR rJ I NDUSTltlE Xa'PION \RE, 

33 () 

Faihieh, if if, 30-1 

Faur, F., 122, 150, ISI, 198, 225. 213 

Fautawerk, 19, 51 

Favove, M., 174 

i.a Voi/pa, -11 

Fawrie, j. \V., 140 

I.EA, II. F, 279 


346 


THE ALUMINUM INDUSTRY 


Lecesne, N., 179, ISl, 231, 249 
IjE Chatelibh, 131, 140, 158, Uil, 
U)3, 179, 211, 213, 228 
IjEDEHeh, 0., 176, 203 
Lei I HER, G. A., 167 
Lehigh University, 14 
Lennio, C., 186 
Le Verribr, 176, 182, 222, 226 
Lim, G., 137 
Levitt, E., 192 
Llewellyn, I .P., 178, 215 
Llewellyn, W. IL, 174, 187, 200, 
219 

Lewis, G. T., 183, 328 
Lichtenherger, T., 153 
Lieber, Iv. G., 152 
IjlENAlI, F., 211 

Ihndblai), a. R., 142, L(5, 171, 
177, 192, 202, 203, 211, 214, 
226, 263 

Linkmeyer, R., 193 

Lochaber Power Go., 46 

Losana, L., 254, 264 

Loewig, F., 155, 158, 162, 163, 224 

Loewtg, G., 155, 163 

Loewig and Company, 208 

Lorenz, 286 

Losekann, G., 285 

Lotti, 1L, 122 

Lowe, F. R., 192, 193, 211 

Low REV, Gros' enor P., 28 

Lundin, it., 270 

Lunge, Prod., 38 

L’ Union des Syndicats de l’Flec- 
TRicriE, 336 

M 

Maberrv, ('. F., 271 
Mac('artiiy, F. B., 218 
Maodonali), R., ,Ir., 247, 2 Is 
MaoDovvell, i \ IL, ISO, 220 
Mac’iialske, 4\ 214 

MAGKiN'rosH, R. D., 178 
Maglaren, M., 91, 122 
Maginn, 165 
Magnusson, O. O., 270 
Maitland, A., 122 
Malle'I', F. R., ()6, 122 
MAr,c.jU()Ri, G., 224. 


Malyavkin, S, F., 90, 101, 122 
Mantel, S., 208 
Mantilla, M. M., 188 
Marburg, E. C., 226 
Marden, J. W., 139 
Mardick, J. R., 276, 277 
Marlio, Louis, 34. 

Marshall, C. G., 277 

Martin, E., 147, 159 

Mason, Ralph B., 124, 170, 236 

Maslenitski, L, 122 

Mastktc, Seaiuiry, 26 

Matiieson, a., 220 

Matignon, C., 252, 251, 270 

Matthews, 14., 285 

Maureau, a., 205 

McAfee, A, M., 272, 273, 271, 275 

M(4Trii)E, 1L 8., 33, 298 

Mc( 4.ENAIIAN, F. M., 229 

McCormack, C. P., 142 

McCulloch, G., 159 

McIlhiney, P. C., 228, 230 

McIntosh, T., 221 

McKee, R. IL, 177, 208, 276 

McjKittrk’k, I). S., 280 

McQueen, H. S., 71, 77, 122 

Mead, W. J., 83, 88, 91, 95, 101, 122 

Meiklejohn, R. M.., 186 

Meisel, K., 167 

Mridei.e, 4\, 201, 201, 232, 233, 235 
Melick, \V. L., 138 
Mellen, G., 230 
Mellor, j. a., 151 
Merle, IIenrv, 38 
Merle, Henry et ( Uv ., 38 
MERWIN, IL K., 165, 16() 
METAIiLBANK UNI) M ETA LLU R(; ISCH E 
GesELLSCII AFT, IS, l9, 1 17, 

243, 270 

M E'rALLGESELLSCIi AFT, A -( 1 , 50 

Metzker, IL, 159 

Meunier, S., 87, 122 

Meyer, K., 17(), 178 

Meyer, Kirs'I’ine, 3 

Meyers, IL IL, 218 

MiGtIET, P., 144 

Milbauer, .L, 181, 197, 199, 205 
Milde, K., 265 
Millar, R, W., 175, 328 



INDEX OF NAME8 


347 


MiLLr.ii, K., 175 

Millkjan, L. IL, U)(), U)S, 229, 234 
W,, 2 Sr) 

MiLOLosKvicn, F., 218 

Mmiou, C. G., 1(>2, 27i) 

MmiOT, A., 17 (), 1 S 2 , 222 , 229 , 889 
MiTcnnoLL, 'V. A., 221 
MrrTAS(!U, A., 2 () 8 , 2 () 4 , 2 ()() 
M.its(;hmulu^ii, A., 219 
MoLDi^iNnAuioit, W., 258 , 2 .S 9 
Moldionrio, H.., IS 9 , 199 , 217 , 219 
Moihsan, 25 (), 270 
MoNTlOCATlNl, 5 S, 28*1 
[VI.()NTioMAii'nNi, 25 * 1 , 2()4 
Moohmann, T. a., 8 ()S 
M,()()ttR, J. lii., 828 
MoiiioL, J., 191 , 20-1 
MoitdAN, F. S., 274 
Mouin, 181 
Moiuiirt, F. W,, 208 
AIoitiiiHON, W. Murray, 48 
Mohsio, II. N., 175 , 192 
M()R.sio, P. F., 81 , 122 
M()R'riMUi{., G., 88 () 

Moxham, a. j., 184 , 195 , 209 , 209 , 
210 , 218 

MuurjjOR, 11., 149 

Muuluh, II., 148 , 150 , 198 

MOulur, (^, 202 

MO NCI I, G., 225 

Mutii, G„ 188 , 175 , 184 , 185 

Miyake, 289 

N 

Naviuue, Dr. Gustav, 87 , 51 

Neher,, , 1 . G. Sons, 51 , 52 
Neii., , 1 . M., 191 
Nkuson, W. a., 88 , 122 
Nio'rro, ( 4 iR'r, 10 
Neumann, H., 188 
NEWHEiutv, 14 ., 275 
Newuands, B. 14 . R., 205 
Niagara Falls J’ower ('ompanv, 
80 

NlHELlUS, A. W., 187 
Nichols, FinvAiti), 122 
NisniRi, 'r., 1()8 
Nolle, A., 225 


Norsk Aluminium Company, 83, 
55, 56, 209 

Norsk Hydro-Elbkthisk Kvabl- 
STOF A/S, 164, 177, 178, 212, 
231, 232, 234, 235, 269 
North British Aluminium CVjm-- 
PANY, Ltd., 45, 46 
Norton Company, 241 
Nuranbn, W. j., 196 

0 

Oberlin College, 16, 32 

Oersted, H. C., 2, 3, 4, 8, 15, 272 

Oesteriield, 254 

Oliver, II. S., 206 

Onda, M., 269, 332 

Onoda, T., 156 

Ortiz, B. Helgttera Y., 188 

Orton, K. G. P., 199 

Ovsyanikov, B. P., 123 

P 

Packard, M., 149 
Painton, Edgar T., 337 
Palacin, N. F. O., 26ti 
Pape, W., 174 

Papierfabrik KOslin, .\.-G., 198 
P a RENT AN l, F., 181 
Paris Exposition, 5, 85 
Parr, S. \\7, 828 
Paruavano, N., 224 
Parsons, ('. 14., 188, 277 
Patent Office, 27, 28, 29 
Fatrouille\u, L. G., 198, 201, 20:^, 
204, 208, 272, 274 
Patti SON, J. 4\, 889 
PAStlAL, 2S(), 80S 
Pauling, L., 195, HH) 

Pauls, ()., 128 
Pavlovski, a., 78, 128 
Peacock, B. .V., 18 1 
Peacock, S., 18»7, 1 15, 157, 191, 29il, 
291, 299, 271, 277 
pEciiiNEV, A. R., 89, 12. 18, 52, 

58, 180 

Pedemonte, a., ISO, ISI, IS2. ISl, 
199, 204, 207, 210, 211, 2RC 
225 



348 


THE ALIJMINVM INDUSTRY 


Pedejusen, H., 112, 1 III, 2()<), 
214 

Pepper, H. G,, 137, M4, ItiO 
Peniakoff, D., 148, 149, 151, 152, 
153, 159, 162, 170, ISl, 191, 
264, 268, 269, 332 
Pelzer, H. L., 274 
Pemberton, H., 1S3 
Pennock, J. D., 101, 104 
Pennsyl\/ania 8alt Manufactur¬ 
ing Gompany^ 2S1 
Percy, Dr., 9, 44 
Pernot, L., 150, 153, 103, ISO, 277 
Perry, D., 156 
Perry, R. 8., 214 
Petraeuh, G. V., 140, 156, 205 
Petit-Devaucelle, 21S, 220 
Pettigrew, J., 24 S, 249 
Petrikin, J. G., ISO 
Pezzolato, a., 210, 213 
Phalen, W. G., 123 
Phillips, K R., 270 
Phillips, W, R., 12S 
PhysikALI scii-TECUN1 s(’Iuc Reicii- 
S AN ST alt, 322 
Pie PER, C'arl, 2S5 
PiRAUD, Y. M., 17S 
Pittsburgh Redik’tion Gompany, 
15, 21, 22, 23, 25, 20, 2S, 29, 30, 
32, 53, 230 

PlTTSBUR(Hl TeSTIN(} IjAHORATORY, 

23, 24 

PiVA, A,, 137 
Platsch, M., 181 
Pliny, 1 

POCHIN, W., IcSS 
Poll A K, J. E., 2S0 
PoMiLio, U., 224, 225 
Prager, a., 139 
Prentice, M., 150 
Prescott, (J. IT., ,)r., 252, 253, 25{;, 
330 

Pritchard, 0, L., 270, 2<S0 
iOioBsT, H., 310, 311 
PiUGAiiN, P., 145 
PusivIN, 2S0 
PvNK, 2S0 


Q 

(^UINNEY, E. IL, 177 
R 

Ralston, O. 175, 201, 273, 
Ramsay, J. II., 102, 103, 211 
Ran da EL, 32<S 
Rankin, G. A., 105, 100 
Rankin, H. 1)., 13S, ISO 
Rao, T. V. M., 1)3, 123 
Rauch, Erns'I', 47 
Ravner, ()., 170, 1S7, 231, 232, 233, 
234, 2l>0, 270 

Raynaud, 1']., 177, 192, 211 
Raynaud, P., 150, 277 
Read, II. L., 253 
Rebuffa'p, ()., IS I 
Regelsberger, 1»\, 337 
Reich, J., 2S4 
Rekmiswerke, 50 
Reinglass, P., 337 
R.ET'rGER, R. M, si, ss, !U), 123 
Rll EIN ISCII E lOlJ'R ’ I’RICITA'I’SW ERK I'l 
4S 

Rhenania Kumhejm Yerein 
Giiemiscuer I'’abigken, 1 Is, 1.57, 
171 

UlIElNlSCIlE l'J.EK'l'|{,()\\ ERKI-:, A.-G. 

332 

1 01 E l N I sc 11 !<:- W EST \ L 1 (■ 11 E;-1 1 | _ 

TRIZITA'rsWEBK, |0 
RllElNSCIl, ()., !3S 
Rich, S. W., ITS 
RicfiAR.Ds, Die ./os-. W . n, ‘j.vj, 
Richardson, II., 225 
Ru’ii ardson, ,1. II., (ss 
Rh’hmond, 11. 2 15, 217, 2 IS 

Richter and Rich teh, 171 
Ru'htkrs, M. R., 2s ! 

Ricks, .Iuixie, 2(> 

Ridgeway, R. R., 2 11 
Riedel, ,1. 1)., A.-( 1., loi, 207, 210 
212 

R.inman, P. 1,., ISO, 101, 207 21” 
213 

Riviere, L., 230 
Roberts, G. R, 07.275 






JNDHX OF NAMEFi 


34 & 


Kobt^hts, T. Tj., 103 
ilOBINH()N, (1. W,, lUi) 
lloHlNHON, T., 205 
Rohinhon, W. K., 150 
Rociiio'rrw I’liioiucs, 1*14, 244 
Rody, F. a., 145. 140 
R,0LL1N (JOLLI'KIE, 34 
Rose, 9 

Roseniiain, 337 
Rosentiiae, (4., ISl, 211, 210 
RossTEUTsonEit, F., 225, 22() 
RoTHiiEiKJ, M. E., 14<S, 213 
Rouse, 2S0 

Royae Danish Academy oe 
S(MENCES, 2 
Royal Institution, 14 
Rumholi), VV. (i., 123 
Russ, F., 159, 101, 102 
RilTOEKSWEllKE, A.-G., 227 

S 

Sainte43ahbe College, 34, 35 
Sainte-(4jAihe Deville, Henri, 
4, 5, 0, 7, i), 10, 11, 12. If), IS, 
34, 35, 3S, 3i), 44, 277, 279, 
3IS, 330 

Sain'I’e-C 4jAire Deville, (4iaules, 
34 

Saki, 4\, 144 
Salamon, a. G., 19S 
Saia)mon, J., 153 
SA[iZWEIM\ IIeilhron, 222 
SampeivA VO, 1). 11. 14, 123 
Sami'ue, W'. S., 23 
Sander, 1\, 2S I 

SAUNDEH.S, \j. F., 100, ISO, 214, 215, 
2 IS, 219, 250 
Saveli., W. F., 192, 211 
S(M1ANC11E, II. ( 1., 214 
Schindler, Martin, 51 
S('iiLEcn'r, F., 202 
Si’iiLEiciiER, IF M., 17S, 1X0,203,211 
S(MIM ATOLT.A, ()., 202 
S('iiMii)i’, K., 222 

SiMlOENBERC, G. ( MeTALLRANK ), 

207 

vSuHOLES, S. R., 170 
Schulz, F., A.-G., ISl, 182 


Schriider, TT., 277 

ScHROEDER, H., 277, 278 

Schumacher, W., 196 

BcnwAN, F. D., 215 

SCHWAIIN, G., 215 

ScHWAHN, li. D. F., 179, 199, 215 

Bchweitzerisciie Sodapabrik, 139 

SciIWEIZERISCHE MeTALLURGISCIIE 

Gesbllsciiaft, 52, 54 
Schwerin, B., 163 
Schwerin, 0., 17S 
Scofield, W. S., 137, 205 
Scott, A., 154 
Scott, Robert, J., 23 
Seailles, J. C., 145 
Seglem-Svendsbn, S., 220 
Sellar, W. C., 284 
Sbm, M. 0., 208 

Semper, C., 197, 198, 205, 207 
Serpbk, 0., 55, 250, 251, 252, 255, 
257, 258, 259, 200, 201, 202, 263, 
265, 332 

Seymour, F. J., 243 
SuACIvLETON, H, 14., 183 
Shearer, 14. K., 81, 88, 91), 123 
SiiERWIN, R. S., 130, 147, 159, 161, 

‘ 164 

Shoeld, M., 200, 262, 273 

Shumaker, F. D., 331 

Siemens and I4\lske, A.-G., 275 

Siemens SiuiiR’KER'rwERKE, -19 

Siermann, 14, FIS 

SiEURiN, S. K., 224, 310 

SiGRis'L', .F, 260 

vSiLRERMANN, J., 203 

SlLSBEE, J. F., 219 

Simon, A., 153, 103, isn, 277 

Simpson, 14 S., 123 

Sims, (4 14, 111 

Sinding-Farsen, 212, 2()3, 270 

Skappei., if, 241, 209 

Skdtil, 14, 181, 197, l!>!i, 205 

Smi'I'h, 1). 14, 278 

SMprii, 4 1 

Snyder, F. 4., 2(>3 

SoC'IET.V AnONIMA \'EM'7i'A DELL - 

Alluminio (S.A.WAj, 57, 58 

Son ETA IdROELETTRH’A I)l VlLLE- 

NUEVE, 57 



350 


THE ALUMINUM INDUSTRY 


SociETA Italiana Pota.sha, 195, 234 
Hoc’ieta Italiana dell’Alluminio, 
57, 58 

SocietA Roman a Solfati, 146, 211, 
213 

Soci^iTE Anonyms pouu l’Indus¬ 
trie DE l’Alttminium, 44, 53 

SOCIETK DES CaRBURES MI^ITAL- 
LIQUES, 41 

Soci^iTE d’Electrociiimie, 37 
Soci33Tl3 DES PrODUJTS ElECTRO- 
GHIMIQUEB ET MeTALLUUOIQU lOS 

DEH PyrenIaes, 39, 43 

SoCIETli: ElBCTROMETALLU U(HQ 11 E 

FraNCAISE (SoClET/0 DE 
Proges), 13, 15, 37, 39, 41, 144 

SoCIETE ElE( JTROMET \hhV liGIQ I f E 

DU Giffre, 41 

SociM’e Francaise pour l’Indus¬ 
trie DE L’Aluminium, 41 
SocilsTE DEW Forces Motrk’es et 
UwiNES DE l’Arve, 39, 43 

80CIETE Paul Girod, 42 
Soci^Tic Dior Fils, 218 
Hoc. Fabryka CiiBMiczNA Rudniki 
Klobukowsici I Reiciieu, 184, 
200 

SociETE d’Electuochimie, d’Elec- 

TROMETALLURGIE ET DEW A(h0- 

RiEs Electriques d’U(HNE, 40, 
41, 42, 245 

S0Cll3TE GeNERALE DES NlTiUIRES, 

55, 250, 258, 260, 261, 262, 261, 
265 

SocUcTlti M.etalhjr(hque Suisse, 
13 

Society of Chemkjal Industry, 17 
SoDERRERG, 0. W., 298, 305, 306, 
307 

Sokolov, A, M., 174 
SoLVAY, E., 153 
SoLL, J., 285 

Southern Aluminum C^impany, 
38, 43 

Spe(’KETEr, li., 225, 226, 285 

Spence, D. D., 205, 207 
Spence, F. M., 205, 207 
Spence, H., 160, 174, 186, 187, 200 , 
203, 205, 207, 213, 219 


Spence, Peter and Sons, Dit)., 
178, 200, 203, 213, 234 
Spicer, H. N., 187 
Stafford, J. G., 276 
Stanczak, W., 176, 203 
State of Bavaria, 49, 51 
Steck, 251 
Stempfel, E., 166 
Stephenson, B. W., 81 
Stern und IlAFFEitL, 50, 59 
Stillman, F. ()., 178, 211 
Stoklasa, Julius, 337 
Stopnevi(!h, a. I)., 123 
Stover, J. IL, 1*76 
Stuhiis, a. j., 181, 192 
Stuoiiuacii, 10 ., 206 
Swenahton, W. II., 176 
Sylvany, R., 87, 123 
SZADECZKY, J. V., 123 
Szirmay, I., 162, 164 

T 

Taddei, G., 278 
Taft, Wm. Howard, 26, 28 
Takamatsu, 4\, 227 
Takesiiima, 151 
Tallassee Power ('OM pan V , 31 
Tammann, G., 171 
Tanaka, (1., ISS 
Tanaka, II., 192 
Tanahashi, 4\, 215 
Taioieu, ISO 
Taylor, ( 5 S., 310, 328 
'Fedesco, a., 150 
'Feisler, 284 
'Ferazaki, K., Ill 
'Fetei.eni, a., 139, 1F)2, 161 
'FniEL, G('(). A., 99, 123 
'Fhienemann, if, 139 
Tiiofeurn, II., 273 
TnoMi'SON, J. G,, 253, 25F), 258 
'Fuomsen, Phof. Julm 2s 1 
Thomson, E., 2 13 
'Fikucih, 4\, 213 
'Filgiiman, U.. a., 157 
TiioitsELi., 4'., 22 I 
Tilley, G. S., 175, 201, 215, 217, 
279 




INDEX OE NAMBEi 


351 


'l’[S.sn< 5 H, Alioxandior, () 

'riHSIIOR, ('HAllLiOS, () 

Tihhii'JR Bkoh., (), 7, 10 
ToNKJ, K. j., 2.1-2, 2.13, 240, 247, 
210, 332, 333 

ToNKUDIOVVIOitKIO (UntTIUS, (i.Mjl.ir,, 
00 

ToNIOUDIOWKIUv (IkUH.. (iUIILINT, 
(I.M.H.II., 01 

ToNKUDI'lWI'JUKl'J ({oriDHOIlMIJODION, 
01 

4\)N10HI>KVVI'JRK Mahtinswiohk, 
(i.M.R.ll., 01 

ToH'ncittii), Martin, 3, 108, 109, 
230 

Town.smnd, j., too 
4'itAWiNrtK r, I<\, 183 
Tuoan, Bu., 123 
'ru(!KioR, S. A., 203, 322 
Turtmanwiork, 0*1 
Tyrior, D., 140 
'rwvNAM, T., 107, 231 

U 

Ullmann, Dr. Frit/, 128, 130 
Ullrich, 100 , 101) 

UnIVIORHITY of (loTTINCKN, I 
U. S. Aluminum Metalh Dompany, 
28 

U. H. UURMAU OF Standardh, 331), 
337 

U. S, Bi IRC All OF NUnios, 111,, 170, 
IS I, ISO, 197 

1S. ( Orccit ('oi'R'r, 21, 20, 20 
\’ 

\ Al.ATFLLI, 211, 271 
\ AN DKR Lffdion, U., 277 
\ auoiin, K V. 11., 279 
V’au'I’in, 4\ .1., 209 
\’|':at(’ii, ()., 92, 123 
Vkrof, a.. Ill, 109, 100 
VkRFIN fCtrI Oll!lMIS(MlE UNI) Mk'I’AL- 
iRJROISCIIlil UroDUKTION IN 

Ausskj, 270 

\' 10 R I'l 1 N ! (n' I<: A L U M IN I U M- \y 10 R K10, 

A.-A;., 10, 17, 18, 19, 00, 01, 191, 
190, 210 


VlO RIO INI (JTIO InDUSTRIE-UnTID RNEH' 
MUNCEN, A.-G., 01 
ViOHTERBBRG, K. A., 174 
ViALARs, K., 241, 271 
ViERIIELLEIi, H., 249 
ViTTORF, N., 202 
VON Fooiit, IC. K., 123 
VON Klobxjkow, N., 208 
VON IVitGELGEN, F., 277 
VON Wittgenstein, E., 167 
VoUSTBR, J., 153 

W 

Waeser, B., 127 
Walden, G. H,, 130 
Waldo, Fullerton, 282 
Walker, G. E., 187 
Wang, E., 214 

Washington, li. S., 60, 61, 166 
Wahilewski, L., 189, 208 
Watson, T. L., 87, 123 
Weaver, V. M., 276, 280 
Weber, P. C., 271 
Webster, James, 44, 215 
Weir, F. G., 243 
Weldon, Walter, 38, 148, 153 
Welford, K., 226 
Westly, j., 306, 307 
White, J. F., 188, 200 
White, H. H., 166, 240, 248, 249, 
200 

White, W., 279 
Whittington, ,I. A., 193, 2()9 
WiLDMAN, H. ()., 170, 192, 214 
Williams, ('. K., 144 
Williams, G. U., 220 
WILLIAMS, J. F., 123 
WiLM, Alfhioi), 10 
Willson, T. L., 20i), 331 
Wing, H. II., 191 
Winteler, F., 336 
Witt, ()., M() 

W<)HLER, Fredrick, 3, 1, 10, 47 
Wohlers, F. 4\, 27() 

WoLco'PT. K . H., 277, 2S() 

Wolf, J., 201 
Wood, C . E.. 144, 107 
WORSLEY, 181 



THE ALUMINUM INDUSTRY 


352 


Wray, D, A., 121 
Wright, F. E., U)4 
Wrigley, I-L, 187 
WuRTz, J. H., 187 
Wysor, D. C., 123 


Yeio, J. V., 253, 25(>, 258 
Yn[(}htu()M, L., 171, l!)2, 211, 21-1, 
22 () 

Yow, J, H., 131) 


Y 


7j 


Yamazaki, j., 219 
Yamazaki, Z., 212, 227 
Yasuda, M., 212, 227 


Zabicki, S,, 207 

Zaidan Hojin H.ikagg Kioknkyu.io, 
240 





'o, 

■t-\ 



library 


SUBJECT INDEX 


A 

AbniMivoH, alumina for, 72, 24()-24-9 
Ac.id })ro(*.oKH(^.s for alumina, 170-235 
outlino of uni(, ojxM'afioiiH, 172 
l)rolimiiuiry purinr-ation of ore, 
i7S, 179 

proliniiiuiry in^ainumi; by Curnao- 
in^r, 177, 17S 

pr(4inunary tnuil.iniiiit with alkali 
or alkalino oarth compounds, 
175, 170 

nmioval of Hilkxi, 170, 1S5, 224 
Alkaliiu'. pro(XiaaoH for (ixira(5tion of 
alumina, 120-164 
outlino of unit operations, 136 
“Aioton” i)ro{Uiss for alumina, ISS- 
190 

Alumina, 104 
ali)ha alumina, 104 
b(^ta alumina, 105 
a'itmina alumina, 100 
Alumimi, }>r()(luc1ion of, 121, 170,230 
Altimmmm, spnllina-, 1 
Aliimimim, aimmlancc, 00, 01 
Aiiimimim alloys, ('h'cl I’olvt ic pro- 
duel ion, 13, 37 

(‘h'fl rothermal prodiielion, 1 1, 
2()(h 327, 3)30 332 
Alnmiiinm-lx'a.rina’ inimM'nls, {>1 
uses, 71 

Alniniinim carbidty 270-272 
Aliiminnm cldoildt', 272 
prodnel ion, 272 279 
pi’opei'l i(*s, 272 
piiritica.1 ion, 279, 2S() 

Aluminum, ({iscov(‘ry, 2 
rl(‘clrolytic. produclion, 300-315 
first (‘omiiKircial nMluction works, 

0 

mis(*(‘llam‘()us pro(‘(‘ss(*s, 3IS 


Aluminum fluoride, 227-230, 287 
properties of fused mixtures 
with, 285 

liydrate, (talcination, 130, 139 
proeipitation from aluminate solu¬ 
tion, 130, 134, 137, 138, 150, 
160-163 

precipitation from solution, 211- 
213 
uses, 169 

Aluminum industry in 
Austria, 59 
Canada, 32 
France, 34 
Germany, 47 
Groat Britain, 43 
Italy, 57 
Norway, 54 
Spain, 59 
Switzerland, 51 
United States, 30 
Aluminum monohvdrate, 168 
alpha nionoliydmhy 168 
b(‘ta monohydraUy 108 
Aliiminuni nitniOy 231 
j)uri heat ion, 2iU-23-l 
calcination, 231, 235 
Aluminum nitrid'y 250 
from allows, 257 -25t) 
from aiumiinim carbide, 255 
funuu‘es for, 2()0 202 
h(‘at of formiit ion, 252 
production, 250, 251, 25t) 
production of alumina from, 2()5, 
2()0 

!’(‘actions, 252 251 
special mixt iiri's for, 2t)3, 2t) I 
Alumimnn on^s, ^’(‘olo^'y, 73 
us(‘s, 71 

Aluminum, prodiudion from allo>w, 
333 -335 

s(‘Uinm price, 0, 20, 24 


353 


354 


THE AJAIMINUM WDUSTHV 


Alununiim, spoiling, 1 
Ahiiniiuuu sulfato, nakiinatioii, 

214, 215 

production, 173, 186, 187, 103, 105 
purification, 205-207 
Aluininuni sulfide, 240, 241, 267-270 
Aluininiun trihydrate, 166 
alpha trihydrate, 166 
beta trihydratc^, 167 
Ahmite, acid extraction of alumina 
from, 105, 216-221 
alkaline extrac-tioii of alumina 
from, 138, 141 

Anode alloy for refining process, 325, 
326 

Anode (OTect, 310, 311 
Anodes, carbon, 304 
Arvida, aluminum nulmdion works, 
33 

Austria, location of aluminum 
works, 50 

B 

Baking (4e(d-rodes, 206, 2i)7 
Barium aluminate, l38, 145, 147, 
148, 150-152, 162 
Batli (sec electrolyte) 

Bauxite, bibli()gra])liy on bauxiU^ 
and laterite, 120-123 
{‘aleinatioii, 110, 128, I3t) 
composition and i)roi)erii(^s, ()4-()() 
crushing, 118 
definition of t(‘nn, 61 
deposits, age nOations of, 74 
blanket {lei)()sits, 75, 01 
classification, 73, 7 1 
det.rital deposit.s, 85 
digestion witli alkali, 120, 137- 
130 

dig{‘stion with addition of linH\ 
137, 114 
dis(U)V{M’y, 63 
drying, 110 

interlavered d(^posits, 76 
I)oc.k(‘t (h'posits, 84 
formation by sculinumtation, 86 
detrital deposition, 00 
weathering in situ. 80 


Bauxite, mining, 115, 117 
Bauxites in 

Adriati(^ region, 81, 100, 111, 115 
Apemnim^s (M.t,s.), Itialy, 77, 113 
Arieg(\ Fra.nc(^, 78, 108 
Banu4ona, Spain, SO, 81, 115 
Berbic(‘ Hivin’, British (}nia.na, 111 
Bihar M4-s., Huinania, 78, 05, 11 1 
BoucIn's-du-Hhoiu^, t'ramn^ 78, 
108 

Coermotibo Hiven*, Dutch (luia-na, 

110 

Oongo, Africa, 02 
Cl()t4.i(ni H.ivm-, Dutch (Jnijina, 110 
(lounty Antrim, InOand, 83, 111 
Dennn’ara Hivin’, British (hiiana, 
111 

Drnis, Dalmatia, 112 
(lolil (east, Africa, !)7 
Gulf of Gorintb, Grin^ci^, 80, 105, 
113 

Heraldt, Francis, 108 
I stria, Italy, 84, 103 
Jammu, Kasmir, India, 80, SI, 113 
Kamira, India,, 66 
Kat,ni, India, 67 

Lake Balaton, IIunga,rv, 80, lit) 
Les Baux, Krance, t)Ii, 108 
Little Hock, Arka,lisas, 83 
Moslar, 1 ler/.ego vina, 112 
()brovac, Dabnatia., I 12 
Fiilnski ( eiinty, Arkansas, 83, 100 
Saline <'ounly, Arkansas, 83, ll)0 
Salindres, (la.nl, l‘Va,nc(', 108 
S(\vschi41i‘s Islands, 00 
St. Anban, Basses Alpi’s, IL’a.nce, 
108 

Sudan, Africa., 02 
Surinam, I )iil.cb (luiana., 1 10 
Tikhvin, liussia, 77, 101 
Var, Lrance, 7S, 108 
Vhn’lcs Mis., nunga.rv, 1 10 
Vogt'lslKM’g Mis , (hn’inanv, 83, 8 1, 
00, 07, 115 

Victoria, Ausi.i’}dia, I 15 
Bauxite, occiiri’ence and production 
in 

Ahibama, 80 88, 06, lOO 



^^UIUECT INDEX 


355 


HjuixiU^ occurroiHU^ aiul j)r(>(lii(‘,U()n 
in Arkansas, (>5, 80, 82, 81^, 8(), 
88, 90, 01, 101, iOJ, 100 
Australia, UT) 

Himil, 00, 70 

British (luiana, South Ainnric.a, 

07, or>, 111 

(h-oatia,, 78, 100 
( ’ll ha, 08 

Dalmatia, 05, 72, 80, 81, 100, 112 
D\it(0i (Uliana, South Aincrlna, 
07, no 

Fraim.n, 05, 78, 87, 02, 108 
(U'orjA'ia, 07, 80-88, 02, 00, 100 
(UM'iuany, 115 
(lr(HH'.(^, 78, 80, 113 
I I(M*/i(^p;ovina, 80, U2 
IIun^A-ary, 78, 80, HO, 115 
India, 05, 08, 77, 80, 80, 102, 113 
Iroland, 83, 114 

Istria, 05, 70, 80-81, 8-1, 103, 111 
Italy, 78-80, 112, 113 
Juf»;o-Slavia, 111 
Mississippi, 00, 80-83, 120 
Montonosro, 05, 78-81, 112 
M()//aiul)i(|U(S 121 
N vasal and, 121 
Bunuinia, 78, IM 
Hussin,, t)(), 77 
Si)ain, SO, 81, 115 
'r(mn(’ss(‘(', 81, 88, 100 
llnit-cnl State's, (>5, (>(), 80, 100 
Bau\il(‘ OH' <*oiic(‘nt.rains, 125 
Ba.u\il(‘, origin, 80, 102 
l)ulv(‘ri/inj[;-, I 10 
st rippini!;, 110 

lhiit(*d Sta,t(‘s production, 107 
washinfi;, 118 
woi'ld’s produ<‘l.io]i, 100 
BauxitU* (day, 70, 71 
lhiV('r |)r()(‘(‘ss foi‘ alumina, 125, 120 
Blanc pr()c(‘ss for aluiniiui, 185, 222 
221 

Blown alumina, 230 
Books about aluminum, 330, 337 
Ihiclincr procajss lor alumina, 188- 
100 

Burh'y (day, 71 
Busbars. 301 


0 

(Jalcdiuiig of ooko, 292-204 
(dahuriation of ores, 173 
(lakdiim aliuiiiiiafco, 142, 144, 145, 
157, 150 

(.lalciiiin eyaiiaiuiclo, iii prodiudioii 
of alkali aliinunatc, 140 
Canada, location of aluminum 
works, 31 • 

Carbon electrodes, 200, 291, 295- 
298, 304 

lining for cells, 303, 304 
produeddoh, 295 

Cell, electrolytic, for aluminum 
production, .300, 301 
lining, 303, 304 
Cement, aluminous, 73 
Chcmic.als from alumina, 73 
Clay, acid extraction, 171, 170 
calcination, 146, 173, 174 
alkaline extraction of alumina 
from, 124 

digestion witli alkali, 137 
digestion with lime, 137 
furnaiunl witli alkaline earth, 141, 
144-147 

furnaced with alkali, 141 
furnaced witli cliloridc^, 154 
furnaced with sulfates, 151 
C/()k(^ calciners, 292, 204 
(V)ke for (dc'ctrodes, 201 
Coruudum, 62, 164 
Cryolites, a .solvcuit for alumina, It) 
alknlim' extracd.ion of alumina 
from, 155, 156 
concentration, 283 
(haisit V, 308 

fus(‘(l mixtures with alumina, 281), 
300 

mining, 282 
oc,c.urr(mc(‘, 281 

syntludic production, 283-285 
Curremt sii])ply for (d(M*trolysis, 312, 
310, 320 

D 

Density of aluminum, 308 
of cryolite^ 308 




77 /A' JAAM//A 7 M/ /NDi’STin 


35 () 


Dcvillo-P6^^Iu^K^v proiu^sM i’nr alu- 
iiiiiia, 131 

Diaspon*-, ()2, (i t, 71, KiS 
I.)ias])()rii^ clay, 71 
ill MiwHoiiri, 77, 105, 10!) 

Dry ])r()cossas for alinniiia, 231) 
Aluiniimni do. ol* Anioricii dry 
proccHM, 230 210 

K 

Eincjoncy of aluiniimm riMluct ion 
])r()(U\ss, 312, 315, 310 
Electric calcinerH for cokes 2!)3, 2!) 1 
Elcc,tro(lc.s for ahinunuin pro«luc-« 
tioii, 290, 295 29S 
for rclinij))^ pro(u*ss, 325 
EUud.rodc rods, 29S 
Elcctrolyixs 2S5, 30S, 309 
for production of aluininuiu, 300 
for ndinin;^* pro(U‘.ss, 32 1 
EIcc,trolyt,i(^ c,(9l, 300, 301 
Elcctrolyti(‘, jiroduclion of idumi- 
mini, 11, 300 315 
niiyccllancous j)ro(M‘sse‘.s, 3IS, 319 
Electrolytic ])ro(luction of aluinimim 
alloya, 13, 37 

Electrolytic rcduclion of idiimina, 
12, 19, 2-1, 300 315 
of cryolite, 12, 29 
of .sodium ahnninuni eiiloriihs 1 I 
Elcctrolyti(i ndininf*; of aluiiiiiiuin, 

321 ’ 

anoel(' alloy, 325, 320 
cell c-onstnietioM, 323 
cllicicncy, 327 
c9cctrod(’s, 325 
elccti’olyles 321 
1ai)])inf»; of eellH, 327 
EJcetroma/rneli(^ slirriim of «>l('mro. 
Jyies 309 

ElccirolJHM'inal prodiielion of alii 
inina, 230 

aluminum, 327 32!) 
aluminum aJlovs, 1|, 200, 2,27, 
330-332 

Ecrro.silicou from rcduclion of 
l)au\il(s 112, 1 I t, 237. 213 


Iduoride systems, proporl ios, 2S5 
sodium lluoride-aliiminum"' 9^. 
oriehs 2.S0 

sndiiiin (Im.ri.l.M'iil.Miiiii III,,,nil,,. 

.'lllliuiiuilii lluni'iilc, 2,S7, 2.S,S 
ervolit(‘ aluluin.M, 2.S9 
KnuKv, 

aJumiiia work?;, |0 
Eurnae(‘ processor l\,r alumina 13i 
131, 230 ' 

with idk.'di earhonn,!.- or liNulrox- 
id<s j H) 1 12 

will. .Mlkidinc cu’lh enrlMu.atc nr 
oxiihs 112 I IP, 

""'Si .•uul ,l|kMli,„. 

‘•MrlM)nnt<v,, i |p,, 1 jy 
with ?;i(llidc,s (,r riuitaliss, ( 17 150 

.'dk.aliiir oarip 
elil«uid«s 152 15.5 
Pusod .•diiiinna, 237 
punlic/H am, 2 p)^ o I | 
solo I ion in ciwoli I o j p 

“f ■'■‘)liilam in crv.dilc 30() 
310 

I'U.srtl fha U'ldi":, pit JpcO'l K'.-i ‘ts 5 

ck'cI l icji 1 C( Mld iir 11 \ j I \ ^ 291) 

(; 

MlMininun, 
uliiiuimi wni I, ,, ;,<) 

1 iihltMic. ii2, p, 1 ^ if,j; 

HnlMih, ,,l nluiui- 

mi III and al 111111 im \\ m 1 , | “, 


II 

llaytuiid pince , , ),,, nhnnmn, 2|9 
212 

I lull pincc , , ,li cix ,-1 \ , { S 
lor idiiiiiimi, 23P) 
lor aliiiniiinm, ;',()() 
lo. I rntoiiK'icial w Ml t. , 23 
III.' (or\ , 2(1 
111 U'.al Kill, 2.5 

llonls III |t)i Ilia t lull Ml rMinii-iri 

oKtdr ,, 299 



HU EJECT INDEX 


357 


IIt)()|)(Ns n^fining procoHH, 322 
alloy, 325, 325 
v.o.W (ujiiHiriiotion, 323 
cinc.ioirc.y, 327 
(^ku^.rodtvs, 325 
(^lcu‘,trolyii^, 324 
t,upping of (u^IIh, 327 
IlydrargilliU^ Gs(u^ Gibhsiio) 

I lydr()(^ldori(‘, acid (ixiraotiou of 
aluniina, IS5, 221~22() 
llydroduoric, anid exl-racd.ion of 
aliunina, 22()--23() 

Ilc'roidti proooSH, diMoovory, 35 
lliHtorkuil (lat(\s in the ahuninuin 
iiiduHtry, 15 

I 

Iron, (iffoc.t on ac.id j)ro(iesHeH for 
aluniina, 170, 173 
off0(4; on alkaline proooHH(iH for 
alumina, 135 

Iron, removal from ores by volatili- 
;^a(;ion, 179 

])y extra(d;ion, 180-182 
liy precipitation, 190-202, 232 
liy pr(^(*i])itating alumina, 202-204 
])y (U'yslallization of aluminum 
sulfaln, 205-207 

by cryslallizat ion of aluminum 
nilrab', 232 

l)y (4('cl rocluMuical t r(“M,l numt , 208 
by iJuMMiial I rcjil nuMit, 209 
liy misc('l!a,ii<*()us nu'lliods, 210, 
211 

Ital\’, localioii (4‘ aluminum and 
alumina, works, 58 

.1 

.lugo-Slavia, lo<*alion of a,Iumina 
works, 58 

L 

Ladling aluminum fi'om ('(‘ll, 311 
babu’ilc’ (s(‘e also bauxit(b, 00 
blank(‘|. d(‘posils, 75 
delinilion of bean, 08 
origin, SO, 102 


Laterite in 
Australia, 76 
Brazil, 76 

British Guiana, 76, 111 
Dutch Guiana, 76, 110 
East Indies, 76 
French Guincm, 76, 91, 93 
Gold Coast 76, 97 
India, 76 
Russia, 77 

Seysehelles Islands, 76, 90 
Latoritoids, 68 

Leucito, acid extraction of alumina 
from, 176, 177, 185, 222-224, 
231 

alkaline exti’action of alumina 
from, 137 
Lithoniai’gc, 69 

M 

Miguel process for alumina, 144 
Monohydrate of alumimim, 64, 100 

N 

Niiri(^ acid (;xtraclion of alumina, 
224, 230-235 

Norway, location of aluiniuuui 
w'orks, 50 

0 

(>r(‘s of alumimim, 00 
uses, 71 

Organic matter in ()i'(‘, rimioval, 128, 

1()0, lOl 

Organic, mat tcu-in sodium alumimite. 
nunoval, 139, 101 

V 

F(‘(hM'S(m i)ro(*(‘ss foi' alumina, 142, 
113 

Peniakoff j)ro(M>ss for alumina, 1-1 !> 
Ikdrohnnn cok(‘, 291 
Phosphat{‘s, alkaliiH' (‘xtraibioii of 
alumina fi’om, 15(), 157 
Pitch coke, 291 



358 


77/A' ALUMINUM' INPUSTHY 


Pot (sec (’ell) 

Production of aliuniinun from alu¬ 
mina (sec eloetrolylie nHluction 
and eleet:rot.li(irmal rt^duclion) 
Production of aluminum from aliimi- 
mini (jhloridc, 2 
from aluminum ^luori(lc^ 10 
from cryolite, 0, 10 
from sodium alumimun (diloridc, 
11 

with potassium, 0 

with potassium anial|»;am, 2 

with sodium, 4 

H. 

lOul mud, I2i), 120, 121, 127, 1 17, 
160, 102 

H-odiiction of alumina hy carhon, 
328-220 

Refilling of aluminum, 221 227 
Refractories, aluminous, 71 
Roasting ore, 172 
Rotary converUu'S, 312, 310, 320 

H 

Sorpek process for alumimi, 251 
Silica, effect on acid pr()c(‘ss(‘s for 
alumina, 185 

(4’foct on alumina cxtraclion in 
alkaline processes, 127, 122, 
135, M2, M7 

removal from ahiminalt^ solution, 
132, Ml, 157-160 
So(leii)(3rg elee,trod(3, 305-307 
Sodium, production, tS 


Sodium aluminatf', 127, 121, 150 
productioii by fiinuiee [)roc(*HS, 
I2t), 121 121, MO, Ml 

Sodium aluminum sili(uit<‘, 127, 122, 
Ml, M5, 151, 155, 157, 158 

So!ul>ilily of alumina in cryolite, 280, 
200 

Spain, local ion of aluminum works, 
•10 

Sulfa((\s or a<M(l sulfati's for (‘xtuus 
iioh of alumina., 187 101 
fumacing with, 102 105 

Sullah^s in alkaJine proci*.s,s(‘s for 
alumina, 117 150 

Sulfuric acid (‘xtraclion of alumina, 
171, 182 

addit ion of (luorides and chloride’s, 
(SI 

conceal tration of aeuel, I S3 
elige'slieni uiuh’r prewure, ISO 
remmval of alumina, 202 201 
remmval tif irem, 100 202 
remmval of .sihem, 185 

Sulfurems aedei exI.raeUiem of alumina, 

101 102, 100 

iS\vilz(‘rlanel, leie-atiem eif ahimimim 
we irks, 52 

'V 

''rappiiiji^ ahmiinum fremi cedi, 311 

'PeuTa reissa, (»0 

'Priliyeli’at.e'e)f aluiiiiiumi, ♦)!, 73 
(' 

(hiite'el Statens, leieuiliem eif aluminum 
and alumina weerks, 3i 


LIBRARY 



:v‘;/ 




\LO 


■*; V' 



